A SOLID-STATE IMAGE PICKUP DEVICE 

This application is based on Japanese Patent Applications HEI 
11-250655 filed on September 3, 1999 and HEI 11-273408 filed on 
September 27, 1999, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates to a solid-state image pickup 
device used as an area image sensor and a driving method of the same, 
and in particular, to a solid-state image pickup device of interline 
transfer type comprising a plurality of photoelectric converter columns 
and the same number of vertical transfer charge-coupled devices (CCD) 
as the photoelectric converter columns and a driving method of the 
same. 

b) Description of the Related Art 

Development of mass-production technology of CCDs enhances a 
quick spread of a video camera, an electronic still camera, and the like 
using a solid-state image pickup device of CCD type as an area image 
sensor. Solid-state image pickup devices of CCD type are classified 
into several kinds according to structure including a solid-state image 
pickup device of interline transfer type (to be referred to as "IT-CCD" 
herebelow). 

An IT-CCD comprises a large number of photoelectric converters 
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or photoelectric converter elements arranged on a surface of a 
semiconductor substrate in a plurality of columns with a constant pitch 
and in a plurality of rows with a constant pitch. Each of the columns 
and the rows includes a plurality of photoelectric converters. Each 
5 photoelectric converter is comprised of a photo diode in ordinary cases. 

For example, to form a large number of photoelectric converters 
being composed of p-n photodiodes, a p-type well is manufactured on a 
desired surface of a semiconductor substrate and n-type regions each 
having a desired contour are formed in the p-type well as many as there 

10 are photoelectric converters. If necessary, a p + -region is manufactured 
on each n-type region. Signal charge is stored in each n-type region. 
Namely, each n-type region serves as a signal charge storage region. 

In this specification, a term "photoelectric converter (element)" 
indicates only a signal charge storage region depending on cases. 

15 Moreover, "adjacent to a photoelectric converter" means that "adjacent 
to a signal charge storage region constituting a photoelectric converter" 
and "contiguous to a photoelectric converter" indicates " contiguous to a 
signal charge storage region constituting a photoelectric converter". 
In the IT-CCD, for each photoelectric converter column, one 

20 charge transfer channel is formed adjacent thereto. Therefore, an 

IT-CCD includes a plurality of charge transfer channels. Each charge 
transfer channel is used to transfer signal charge stored in respective 
photoelectric converters of each photoelectric converter column 
adjacent to the charge transfer channel. 

25 A plurality of transfer electrodes are formed on the surface of the 

semiconductor substrate with an electrically insulating film intervening 
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therebetween, the transfer electrodes intersecting the charge transfer 
channels in plan view. Each intersection between the electrodes and 
the channels serves as one charge transfer stage. That is, one vertical 
transfer CCD includes one charge transfer channel and the transfer 
5 electrodes. 

In this specification, a region of the charge transfer stage in each 
transfer electrode of the vertical transfer CCD is called "transfer path 
forming region". 

Each vertical transfer CCD of the IT-CCD of interlace driving type 

10 ordinarily has two charge transfer stages for one photoelectric converter. 
Each vertical transfer CCD of the IT-CCD of all pixel readout type 
ordinarily includes three or four charge transfer stages for each 
photoelectric converter. 

Each photoelectric converter stores signal charge by achieving 

15 photoelectric conversion. The signal charge is read therefrom to an 
associated charge transfer channel at a predetermined point of time. 

To control the operation to read of signal charge from the 
photoelectric converters to the charge transfer channels, one readout 
gate region is disposed for each photoelectric converter to be 

20 contiguous to the photoelectric converter. Each readout gate region is 
formed on the surface of the semiconductor substrate to be contiguous 
to an associated photoelectric converter and to a charge transfer 
channel corresponding to the photoelectric converter. Ordinarily, to 
form a potential barrier against the signal charge, the readout gate 

25 region has a conductivity type opposite to that of the photoelectric 
converter and the charge transfer channel. 
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Each readout gate region has a readout gate electrode region 
thereon. Each readout gate electrode region is ordinarily part of the 
transfer path forming region of a predetermined transfer electrode of the 
vertical transfer CCD. By applying a high voltage to the readout gate 
5 electrode region to remove or to lower the potential barrier in the 
readout gate region, signal charge accumulated in the photoelectric 
converter can be read out to the charge transfer channel. 

Signal charge on each charge transfer channel is transferred to 
an output transfer path by each vertical transfer CCD comprising the 
10 charge transfer channel. The output transfer path is ordinarily 

composed of CCDs (which are referred to as "horizontal transfer CCD in 
some cases). 

The output transfer path being composed of horizontal transfer 
CCD includes N charge transfer stages for one vertical transfer CCD. 

15 Ordinarily, one charge transfer stage includes one potential barrier 

region and one potential well region and N is two. When each charge 
transfer stage has substantially uniform potential, N is three or more. 

The output transfer path sequentially transfers received signal 
charge in a longitudinal direction (to be referred to as "row direction" 

20 herebelow) of the photoelectric converter row. This resultantly outputs 
received signal charge to an output portion. Like the vertical transfer 
CCD, the output transfer path is formed also on the semiconductor 
substrate. 

Each of the vertical transfer CCD and the horizontal transfer CCD 
25 has a function of photoelectric conversion. Therefore, to prevent 
unnecessary photoelectric conversion in the vertical and horizontal 
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CCDs, a light shielding film is arranged. The film has an opening with 
a predetermined contour on each photoelectric converter (photodiode). 
One opening is disposed for each photoelectric converter. The opening 
is ordinarily disposed in plan view within an area defined by a peripheral 
5 edge of a signal charge storage region of the photoelectric converter. 

One pixel includes one photoelectric converter, one readout gate 
region formed contiguous to the photoelectric converter, one readout 
gate electrode region over the readout gate region in plan view, and two 
to four charge transfer stages (of the vertical transfer CCD) 
10 corresponding to the photoelectric converter. On the surface of each 
photoelectric converter, an area exposed by the opening in plan view 
serve as a light receiving section of the pertinent pixel. 

In an IT-CCD, the contour and area of the light receiving section 
are therefore substantially determined by the contour and the area of 
15 each opening formed in the light shielding film in plan view. 

Broad development of the IT-CCD requires further improvement 
of performance of the IT-CCD in, for example, resolution and sensitivity. 

The resolution of the IT-CCD considerably depends of a pixel 
density (a degree of integration). The more the pixel density (degree 
20 of integration) is, the easier the improvement of resolution is. On the 
other hand, the sensitivity greatly depends on the area of the light 
receiving section of each pixel. The larger the area is, the easier the 
improvement of the sensitivity is. 

Japanese Patent Publication Ser. No. 2825702 describes an 
25 IT-CCD (the device is referred to as "solid-state image pickup device" 
therein, but will be referred to as "IT-CCD" in this specification) in which 
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the pixel density can be increased while suppressing the decrease in 
the area of the light receiving section of each pixel. 

This IT-CCD comprises a large number of photoelectric 
converters in a plurality of columns with a constant pitch and in a 
5 plurality of rows with a constant pitch. Each of the columns and the 
rows includes a plurality of photoelectric converters. The photoelectric 
converters in even columns are respectively shifted in a direction of the 
column from those in odd columns about one half of the pitch of 
photoelectric converters in each photoelectric converter column. 
— 10 Similarly, the photoelectric converters in even rows are respectively 

H: shifted in a direction of the row from those in odd row about one half of 

ui 

rn the pitch of photoelectric converters in each photoelectric converter row. 

{Jj Each photoelectric converter column is composed of photoelectric 

p converters of only odd or even rows. 

p 15 To transfer signal charge stored in each photoelectric converter, 

o a plurality of vertical transfer CCDs are arranged. Each vertical 

transfer CCD, locally meandering, transfers the signal charge in a 
predetermined direction. 

Each vertical transfer CCD comprises a plurality of transfer 
20 electrodes arranged in a honeycomb layout. Arrangement of these 
transfer electrodes in such a shape configures gaps or regions each 
having a hexagonal contour. In each of the hexagonal regions, one 
photoelectric converter exists in plan view. 

Signal charge stored in each photoelectric converter in an odd 
25 column is read out to an associated vertical transfer CCD via a readout 
gate region formed in plan view adjacent to an inner side of a lower-left 
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edge of the hexagonal region. On the other hand, signal charge stored 
in each photoelectric converter in an even column is read out to the 
associated vertical transfer CCD via a readout gate region formed in 
plan view adjacent to an inner side of an upper-left edge of the 
5 hexagonal region. 

In the IT-CCD described in the publication, by arranging a large 
number of photoelectric converters and a plurality of transfer electrodes 
(for the vertical transfer CCD) as above, the pixel density can be 
increased while suppressing the decrease in the area of the light 

10 receiving section of each pixel. 

In this specification, the arrangement of a large number of 
photoelectric converters above is referred to as "shifted-pixel layout". 

In the IT-CCD, for each photoelectric converter, one microlens is 
formed thereover in ordinary cases. Light from an object is collected 

15 by an optical system of an image-pickup or imaging lens. Resultant 
light is further collected by the microlens to produce an image on the 
photoelectric converter. 

In this situation, a light beam incident to the microlens at a 
position in an upper section of a photoelectric converter column has an 

20 incidence angle which is reverse, with respect to an optical axis of the 
image-pickup lens, to an incidence angle of a light beam incident to the 
microlens in a lower section of the photoelectric converter column. 
Therefore, between the upper and lower sections of the photoelectric 
converter column, a position of the image produced by the microlens on 

25 the photoelectric converter is also reversed with respect to the optical 
axis of the image-pickup lens. 
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Fig. 34 is a cross-sectional view for explaining a position of an 
image formed on a photoelectric converter by the microlens. A 
photoelectric converter 401 shown in Fig. 34 is formed on a 
semiconductor substrate 402. A microlens 403 is formed over the 
converter 401 with a focus adjusting layer 404 intervening therebetween. 
In Fig. 34, a photoelectric converter column extends in right and left 
direction. 

When the photoelectric converter 401 exists in an upper section 
of the photoelectric converter column, a light beam 405 which cross an 
optical axis 403a of the microlens 403 along an inclined direction from a 
central side of the photoelectric converter column to the upper section 
of the photoelectric converter column enters the microlens 403. The 
light beam 405 produces an image focused at a point 405a shifted 
upward (on an upper side in the direction of the photoelectric converter 
column) with respect to the optical axis 403a of the microlens 403. 

On the other hand, when the photoelectric converter 401 exists in 
a lower section of the photoelectric converter column, a light beam 406 
which cross the optical axis 403a of the microlens 403 along an inclined 
direction from a central side of the photoelectric converter column to the 
lower section of the photoelectric converter column enters the microlens 
403. The light beam 406 produces an image focused at a point 406b 
shifted downward (on a lower side in the direction of the photoelectric 
converter column) with respect to the optical axis 403a of the microlens 
403. 

The amount of shift of the point 405a from the optical axis 403a 
of the microlens 403 increases as the position of the microlens 403 
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becomes farther from the central position of the photoelectric converter 
column. This also applies to the amount of shift of the point 406b 
relative to the optical axis 403a of the microlens 403. 

Also in the IT-CCD in which pixels are disposed in a quadratic or 
square lattice format and the IT-CCD in which pixels are arranged in a 
shifted-pixel layout, light collecting efficiency and sensitivity of each 
pixel vary between two adjacent pixel rows in cases (A) to (C) as 
follows. 

(A) The light receiving section of each pixel has a different contour. 

(B) The contour of the light receiving section is almost uniform in each 
pixel, but the sections vary in size thereof. 

(C) The contour and the size of the light receiving section are almost 
uniform in each pixel, but the light receiving sections vary in direction 
thereof. 

When light collecting efficiency and sensitivity of each pixel vary 
between two adjacent pixel rows, for example, in an IT-CCD for color 
images, signals produced from the IT-CCD become deteriorated in color 
balance and hence an image produced is attended with color shading. 
In an IT-CCD for monochrome images, an image reproduced is lowered 
in its quality by unevenness in a background of the image. 

For example, in the IT-CCD of Japanese Patent Publication Ser. 
No. 2825702, the hexagonal gaps or regions appearing in the 
honeycomb arrangement of a plurality of transfer electrodes have a shift 
of 180° in plan view between the regions in odd rows and those in even 
rows. Therefore, in this IT-CCD, when the contour and the size of the 
light receiving section of each pixel is fabricated in a form analogous to 
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a form obtained by directly minimizing the hexagonal region, the light 
collecting efficiency and sensitivity of each pixel easily vary between 
two adjacent pixel rows. Resultantly, color shading and background 
unevenness easily take place in the IT-CCD. 
5 In this description, "regions in odd rows" and "regions in even 

rows" respectively mean "regions in odd rows" and "regions in even 
rows" when the regions are arranged in an array in which the 
longitudinal direction (to be referred to as "column direction" herebelow) 
of the photoelectric converter column and that of the photoelectric 

10 converter row are assumed to be the column direction and the row 
direction, respectively. 

In the IT-CCD of Japanese Patent Publication Ser. No. 2825702, 
when the light receiving section of each pixel between two adjacent 
pixel rows is fabricated to have an almost identical contour and size and 

15 an almost identical direction, the area of the light receiving section 

becomes further narrower than the hexagonal region. That is, an area 
available for the light receiving section is decreased. It is therefore 
difficult to increase the pixel density while preventing the minimization 
of the area of the light receiving section of each pixel. 

20 Heretofore, in the charge transfer channel of the vertical transfer 

CCD, a section thereof contiguous to the readout gate region and a 
section thereof separated from the readout gate region have 
substantially equal channel width. 

Consequently, the transfer path forming region including the 

25 readout gate electrode region must be have a width larger than that not 
including the readout gate electrode region. Alternatively, each 
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transfer path forming region is formed to have a width substantially 
equal to the width of the transfer path forming region including the 
readout gate electrode region. 

For example, in the IT-CCD of the Patent Publication above, 
5 when the width of the transfer path forming region becomes greater, the 
area of the hexagonal region appearing in the honeycomb arrangement 
of the transfer electrodes of the vertical transfer CCD is minimized in 
plan view. Since the photoelectric converter is manufactured in the 
hexagonal region as viewed in plan, the area of the photoelectric 

10 converter is also decreased as that of the hexagonal region is 
minimized in plan view. 

As described above, the contour of the light receiving section of 
each pixel is naturally determined by that of the openings in plan view 
formed in the light shielding film. However, the opening is ordinarily 

15 manufactured inside the peripheral edge of the associated photoelectric 
converter in plan view. This means that the area of the light receiving 
section of the pixel cannot be larger than that of the photoelectric 
converter of the pertinent pixel. 

Therefore, when the area of the photoelectric converter becomes 

20 smaller, the area of the light receiving section of the associated pixel is 
also decreased in ordinary cases. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide an 
25 IT-CCD and a method of driving the same capable of preventing an 

event in which the light collecting efficiency and sensitivity of each pixel 
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vary between two adjacent pixel rows regardless adoption of the 
shifted-pixel layout, the IT-CCD being also capable of increasing the 
pixel density while suppressing the minimization of the area of the light 
receiving section of each pixel. 
5 In accordance with a first aspect of the present invention, there 

is provided a solid-state image pickup device, comprising: a 
semiconductor substrate; a large number of photoelectric converters 
arranged on one surface of said semiconductor substrate in a plurality 
of columns and a plurality of rows, each of said columns and said rows 
^ 10 including a plurality of photoelectric converters, said photoelectric 

converters in odd ones of said columns being shifted about one half of a 
5 pitch P^ in a direction of said column relative to said photoelectric 

g converters in even ones of said columns , said photoelectric converters 

q in odd ones of said rows being shifted about one half of a pitch P 2 in a 

O 15 direction of said row relative to said photoelectric converters in even 
O ones of said rows, each said photoelectric converter column including 

~~ said photoelectric converters of only said odd rows or said even rows; a 

vertical charge transfer channel provided for each said photoelectric 
converter column on the surface of said semiconductor substrate, each 
20 said channel being adjacent to an associated photoelectric converter 
column, each said channel including a plurality of sections of different 
directions lying in a line, said channel generally extending, while 
meandering in a zigzag shape, in column direction; a plurality of 
transfer electrodes disposed on the surface of said semiconductor 
25 substrate to intersect in plan view said charge transfer channels, each 
said transfer electrode including a plurality of transfer path forming 
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regions which are equal in number to said charge transfer channels, 
each said transfer path forming region covering one of said sections of 
said charge transfer channels, said transfer path forming region and 
said section disposed thereunder forming one charge transfer stage; 
5 each said transfer electrode generally extending in row direction, while 
two adjacent ones of said transfer electrodes sandwiching one of said 
photoelectric converter rows therebetween and determining one 
photoelectric converter region for every second one of said 
photoelectric converter columns by meeting each other and parting from 
~ 10 each other to enclose in plan view every one of said photoelectric 
"fjL converters in said odd or even row; and a readout gate region disposed 

^ contiguous to each said photoelectric converter and to an associated 

S one of said charge transfer channels, each said charge transfer channel 

q having a first width at location where said channel is contiguous to said 

5 15 readout gate region and a second width at a location where said 
o channel is separated from said readout gate region, said first width 

being less than said second width. 

In accordance with a second aspect of the present invention, 
there is provided a method of driving a solid-state image pickup device 
20 according to the first aspect, comprising the steps of: reading out, in 
one vertical blanking period, signal charge stored in each said 
photoelectric converter of a predetermined photoelectric converter rows, 
via said associated readout gate region contiguous to said photoelectric 
converter, to said associated charge transfer channel contiguous to said 
25 associated readout gate region; and converting, from the vertical 

blanking period to a next vertical blanking period subsequent thereto, 



13 



each said signal charge read out to said charge transfer channel into an 
image signal and outputting the image signal. 

In the solid-state image pickup device of the first aspect, since 
the channel width of the charge transfer channel in a section thereof 
5 contiguous to the readout gate regions is smaller than a section thereof 
other than the section above. Therefore, in manufacturing a transfer 
path forming region including a readout gate electrode, the readout gate 
electrode region can be desirably arranged on the semiconductor 
substrate without particularly enlarging the width of the pertinent 
^ 10 transfer path forming region when compared with any other transfer path 
f~ forming regions not including the readout gate electrode region. 

Jyj As a result, it becomes easy to prevent an event in which the 

5 area on the photoelectric converter not available as a light receiving 

p section of a pixel increases because of presence of the readout gate 

q 15 electrode region. Simultaneously, between two adjacent pixel rows, 
q the light receiving sections of the respective pixels can be easily formed 

to be equal in contour, in size, and in direction to each other. 

Therefore, in the solid-state image pickup device of the first 
aspect, although the shifted-pixel layout is employed, the event in which 
20 the light collecting efficiency and sensitivity of each pixel vary between 
two adjacent pixel rows can be easily prevented. Additionally, the pixel 
density can be easily improved while suppressing the minimization of 
the area of the light receiving section in each pixel. 

In this solid-state image pickup device, for at least every second 
25 section of each charge transfer channel having a plurality of sections, a 
readout gate region is formed with being contiguous to one associated 
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section. That is, a region in which the width of charge transfer channel 
is narrowed is disposed for at least every second charge transfer stage, 
in each charge transfer channel. Therefore, the charge transfer stage 
for which the charge transfer channel has a narrower channel width 
5 need only store signal charge for a short period of time and transfer the 
signal charge to a subsequent charge transfer stage. 

When the charge transfer channel and the readout gate region 
are thus constructed, transfer efficiency almost equal to that of the prior 
art can be attained while keeping, as in the prior art, the channel width 

10 of the charge transfer channel in the location in which the readout gate 
region is not contiguous to the charge transfer channel. 

There may occurs, for example, an event in which narrow 
channel effect takes place by narrowing the channel width of the charge 
transfer channel and hence the transfer efficiency is lowered. However, 

15 the decrease in the transfer efficiency caused by occurrence of narrow 
channel effect can be suppressed by generating a so-called fringe 
electric field. 

The fringe electric field can be produced, for example, by setting 
a relationship between the transfer path forming region of the transfer 
20 electrode and the readout gate region to satisfy conditions (1) to (3) 
below. 

(1) The size of the transfer path forming region of the transfer 
electrode in plan view is sufficiently great to cover the readout gate 
region. 

25 (2) The transfer path forming region of the charge transfer stage for 
which the width of the charge transfer channel is not narrowed has an 
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edge section on a downstream side (indicating a side of an output 
transfer path herebelow), the edge section being brought into contact in 
plan view with an edge section on an upstream side (indicating a side in 
plan view opposite to the output transfer path herebelow) of a readout 
5 gate region disposed on an immediately downstream side of the charge 
transfer stage. 

(3) The transfer path forming region of the charge transfer stage for 
which the width of the charge transfer channel is not narrowed has an 
edge section on an upstream side, the edge section being brought into 
~ 10 contact in plan view with an edge section on a downstream side of a 
7~ readout gate region disposed on an immediately upstream side of the 

charge transfer stage, 
m However, when the channel width of the charge transfer channel 

p is too narrow in the area in which the readout gate region is contiguous 

o 15 to the charge transfer channel, even if the conditions (1) to (3) are 
O satisfied, signal charge cannot be easily stored in the pertinent charge 

transfer stage. The channel width in the section of the channel where 
the readout gate region is contiguous thereto is desirably about 50% to 
about 95% of that of the channel in the other section, and is in 
20 particular desirably set to about 60% to about 80%. 

According to a third aspect of the present invention, there is 
provided a solid-state image pickup device, comprising; a 
semiconductor substrate; a large number of photoelectric converters 
arranged on one surface of said semiconductor substrate in a plurality 
25 of columns and a plurality of rows, each of said columns and said rows 
including a plurality of photoelectric converters, said photoelectric 
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converters in odd ones of said columns being shifted about one half of a 
pitch Pi in a direction of said column relative to said photoelectric 
converters in even ones of said columns , said photoelectric converters 
in odd ones of said rows being shifted about one half of a pitch P 2 in a 
5 direction of said row relative to said photoelectric converters in even 
ones of said rows, each said photoelectric converter column including 
said photoelectric converters of only said odd rows or said even rows; a 
vertical charge transfer channel provided for each said photoelectric 
converter column on the surface of said semiconductor substrate, each 
~ 10 said channel being adjacent to an associated photoelectric converter 

column, each said channel including a plurality of sections of different 
UJ directions lying in a line, said channel generally extending, while 

5 meandering in a zigzag shape, in column direction; a plurality of 

g transfer electrodes disposed on the surface of said semiconductor 

□ 15 substrate to intersect in plan view said charge transfer channels, each 
D said transfer electrode including a plurality of transfer path forming 

regions which are equal in number to said charge transfer channels, 
each said transfer path forming region covering one of said sections of 
said charge transfer channels, said transfer path forming region and 
20 said section disposed thereunder forming one charge transfer stage; 
each said transfer electrode generally extending in row direction, while 
two adjacent ones of said transfer electrodes sandwiching one of said 
photoelectric converter rows therebetween and determining one 
photoelectric converter region for every second one of said 
25 photoelectric converter columns by meeting each other and parting from 
each other to enclose in plan view every one of said photoelectric 
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converters in said odd or even row; and a readout gate region disposed 
contiguous to each said photoelectric converter and to an associated 
one of said charge transfer channels, said readout gate regions being 
equal to each other in relative positional relationship with said 
5 associated photoelectric converter, each said readout gate region 

associating to one of said photoelectric converter rows being covered in 
plan view with mutually different ones of said transfer path forming 
regions of said one transfer electrode associating to said photoelectric 
converter row. 

10 According to a fourth aspect of the present invention, there is 

provided a method of driving a solid-state image pickup device of the 
third aspect, comprising the steps of: reading out, in one vertical 
blanking period, signal charge stored in each said photoelectric 
converter of at least part of said photoelectric converter rows, via said 

15 associated readout gate region contiguous to said photoelectric 

converter, to said associated charge transfer channel contiguous to said 
associated readout gate region; and converting, from the vertical 
blanking period to a next vertical blanking period subsequent thereto, 
each said signal charge read out to said charge transfer channel into an 

20 image signal and outputting the image signal. 

In the solid-state image pickup device of the third aspect, since 
each readout gate region is arranged as above, the light receiving 
sections of the respective pixels can be easily formed, although in the 
shifted-pixel layout, to have a uniform contour, a uniform size, and a 

25 uniform direction. 

For example, a predetermined number of photoelectric converters 
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each having a hexagonal contour in plan view and a predetermined 
number of readout gate regions are arranged such that each readout 
gate region is contiguous to a lower-left edge of each photoelectric 
converter. The respective photoelectric converters have an almost 
5 equal contour, an almost equal size, and an almost equal direction in 
this configuration. By disposing the photoelectric converters and the 
readout gate regions as above, the light receiving section of each pixel 
can be easily formed to have almost uniform contour and size of a 
hexagonal, and the light receiving sections can be formed to have an 

10 almost equal direction. 

Resultantly, the light receiving sections of the respective pixels 
can be easily formed to be substantially equal in contour, size, and 
direction between two adjacent pixel rows while suppressing decrease 
in area of the light receiving section of each pixel. 

15 Therefore, the solid-state image pickup device can prevent an 

event in which the light collecting efficiency and sensitivity of each pixel 
vary between two adjacent pixel rows even in the shifted-pixel layout. 
This device makes it possible that the pixel density is easily increased 
while suppressing the minimization of the area of the light receiving 

20 section of each pixel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention will become 
more apparent from the consideration of the following detailed 
25 description taken in conjunction with the accompanying drawings in 
which: 
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Fig. 1 is a plan view schematically showing an IT-CCD according 
to a first embodiment; 

Fig. 2 is a magnified plan view showing a light sensing section of 
the IT-CCD shown in Fig. 1; 
5 Figs. 3A and 3B are plan views schematically showing charge 

transfer channels shown in Fig. 2; 

Fig. 4 is a plan view schematically showing one of transfer 
electrodes 32 shown in Fig. 2; 

Fig. 5 is a plan view schematically showing one of transfer 
Q 10 electrodes 33 shown in Fig. 2; 

yn Fig. 6A is a cross-sectional view of Fig. 2 taken along line A-A; 

Fig. 6B is a cross-sectional view of Fig. 2 taken along line B-B; 
£ Fig. 7 is a cross-sectional view schematically showing an 

L example of an output transfer path in the IT-CCD of the first 

« 15 embodiment; 

= Fig. 8 is a schematic diagram showing a relationship between the 

w IT-CCD of Fig. 1 and a driving pulse supplier to conduct interlace 

driving of the IT-CCD; 

Figs. 9A and 9B are cross-sectional views schematically showing 
20 an IT-CCD according to a second embodiment; 

Fig. 10 is a plan view showing an example of a color filter array; 
Fig. 11 is a cross-sectional view schematically showing an output 
transfer path in the IT-CCD of the second embodiment; 

Fig. 12 is a plan view schematically showing an IT-CCD 
25 according to a third embodiment; 

Fig. 13 is a plan view schematically showing an IT-CCD 

20 



according to a fourth embodiment; 

Fig. 14 is a schematic cross-sectional view showing an output 
transfer path being composed of a CCD of three-layer polycrystalline 
silicon electrodes in an IT-CCD of a fifth embodiment; 
5 Fig. 15 is a plan view schematically showing an IT-CCD 

according to a sixth embodiment; 

Fig. 16 is a magnified plan view partly showing a light sensing 
section of the IT-CCD shown in Fig. 15; 

Fig. 17 is a schematic plan view showing one of transfer 
*S 10 electrodes 232 shown in Fig. 16; 

jjj Fig. 18 is a plan view schematically showing one of transfer 

uj electrodes 233 shown in Fig. 16; 

m Fig. 19A is a plan view schematically showing one of charge 

o transfer channels 231a shown in Fig. 16; 

O 15 Fig. 19B is a plan view schematically showing one of charge 

O transfer channels 231b shown in Fig. 16; 

Fig. 20A is a cross-sectional view of Fig. 16 taken along line A-A; 
Fig. 20B is a cross-sectional view of Fig. 16 taken along line B-B; 
Fig. 21 is a cross-sectional view schematically showing an 
20 example of an output transfer path in the IT-CCD according to the sixth 
embodiment; 

Fig. 22 is a schematic diagram showing a relationship between 
the IT-CCD of Fig. 15 and a driving pulse supplier to conduct interlace 
driving of the IT-CCD; 
25 Figs. 23A and 23B are graphs showing waveforms of filed shift 

pulses applied to pulse supply terminal 285c and 285d to conduct 
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interlace driving of the IT-CCD shown in Fig. 15; 

Figs. 24A and 24B are cross-sectional views schematically 
showing an IT-CCD according to a seventh embodiment; 

Fig. 25 is a plan view showing an example of a color filter array; 

Fig. 26 is a partial cross-sectional view schematically showing an 
output transfer path in the IT-CCD of the seventh embodiment; 

Fig. 27 is a plan view schematically showing an IT-CCD 
according to an eighth embodiment; 

Fig. 28 is a plan view schematically showing an IT-CCD 
according to a ninth embodiment; 

Fig. 29 is a plan view showing a light sensing section of an 
IT-CCD according to a tenth embodiment; 

Fig. 30 is a plan view schematically showing one of charge 
transfer channels 231c shown in Fig. 29; 

Fig. 31 is a cross-sectional view schematically showing an 
example of an output transfer path being composed of a CCD of 
three-layer polycrystalline silicon electrodes in an IT-CCD of an 11th 
embodiment; 

Figs. 32A to 32C are diagrams for explaining directions of 
microlenses when the microlenses are moved in the manufacturing of 
the solid-state image pickup device; 

Figs. 33A to 33E are plan views showing examples of color filter 
arrays of complementary color type; and 

Fig. 34 is a diagram for explaining position of an image produced 
by a microlens on a photoelectric converter. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, description will be given in detail 
of embodiments according to the present invention. 

Fig. 1 schematically shows in plan view an IT-CCD 100 of a first 
embodiment. The IT-CCD 100 is an IT-CCD of interlace driving type 
including a plurality of pixels in a shifted-pixel layout. 

In this configuration, 32 photoelectric converters 22 in a 
simplified image are arranged in eight rows and in eight columns in a 
shifted-pixel layout. An odd photoelectric converter column 20 includes 
only photoelectric converters of odd rows and an even photoelectric 
converter column 20 includes only photoelectric converters of even 
rows. 

An actual IT-CCD includes about several hundreds of thousand 
pixels to several million pixels. In such a configuration, the pixels are 
arranged in a shifted-pixel layout such that an odd photoelectric 
converter column 20 includes only photoelectric converters of odd rows 
and an even photoelectric converter column 20 includes only 
photoelectric converters of even rows. If a first photoelectric converter 
column 20 relative to a left-most end of the device shown in Fig. 1 is 
omitted, an odd photoelectric converter column 20 includes only 
photoelectric converters of even rows and an even photoelectric 
converter column 20 includes only photoelectric converters of odd rows. 

In the IT-CCD 100, a light sensing section 10 is set up on a 
surface of a substrate 1, an adjusting section 60 is disposed on an 
outside of the light sensing section 10, and an output transfer path 70 is 
formed on an outside of the adjusting section 60. The output transfer 
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path 70 has an end connected to an output portion 80. 

Disposed on the surface of the substrate 1 are eight photoelectric 
converter columns 20, eight photoelectric converter rows 21, eight 
vertical transfer CCDs 30, and 32 readout gate regions 40 in the light 
5 sensing section 10. 

Each photoelectric converter column 20 includes four 
photoelectric converters 22 each including an n-type region in a p-type 
well, and each photoelectric converter row 20 also includes four 
photoelectric converters 22. 
~ 10 Each vertical transfer CCD 30 includes one charge transfer 

JJj channel (not shown in Fig. 1) comprising an n-type region in a p-type 

2 well disposed on the surface of the semiconductor substrate 1, five 

5 transfer electrodes 32 arranged on the substrate 1 with a insulating film 

q (not shown in Fig. 1) intervening therebetween to intersect the pertinent 

Q 15 charge transfer channel in plan view, and four transfer electrodes 33 
o arranged on the substrate 1 with an insulating film (not shown in Fig. 1) 

intervening therebetween to intersect the pertinent charge transfer 
channel in plan view. The transfer electrodes 32 are formed of, for 
example, a first polycrystalline silicon layer. The transfer electrodes 
20 33 are formed of, for example, a second polycrystalline silicon layer. 
These transfer electrodes 32 and 33 are alternately disposed. 

Each readout gate region 40 is brought into contact with a 
predetermined photoelectric converter 22 and a predetermined section 
of the charge transfer channel of an associated vertical transfer CCD 30. 
25 In Fig. 1, the readout gate region is hatched for easy understanding 
thereof. 
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The adjusting section 60 includes 24 charge transfer stages, 
which are respectively connected to associated ends of the charge 
transfer channels of the respective vertical transfer CCDs 30. Each 
charge transfer stage includes an adjusting charge transfer channel (not 
5 shown) continued from the charge transfer channel and either one of 
three transfer electrodes 61 to 63 arranged on the substrate 1 to 
intersect the adjusting charge transfer channel in plan view. At each of 
the intersections between the adjusting charge transfer channel and the 
transfer electrodes 61 to 63 in plan view, one charge transfer stage is 
10 fabricated. 

The transfer electrode 61 includes a transfer path forming region 
or section 61T at each of the intersections between the electrode 61 
and each adjusting charge transfer channel in plan view. These 
transfer path forming regions 61T are coupled with each other via a 

15 connecting region 61C. The transfer electrode 62 includes a transfer 
path forming region or section 62T at each of the intersections between 
the electrode 62 and each adjusting charge transfer channel in plan 
view. These regions 62T are link with each other via a connecting 
region 62C. The transfer electrode 63 includes a transfer path forming 

20 region or section 63T at each of the intersections between the electrode 
63 and each adjusting charge transfer channel in plan view. These 
regions 63T are connected to each other via a connecting region 63C. 
This also applies to the transfer electrodes 32 and 33 formed in the light 
sensing section 10, which will be described later. 

25 Each adjusting charge transfer channel extends in a direction, 

which longitudinally intersects in plan view the transfer path forming 
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regions 61T, 62T, and 63T. 

For easy discrimination of the transfer electrode 32 nearest to 
the adjusting section 60, the transfer electrodes 61, 62, and 63, these 
electrodes are separated from each other in Fig. 1. However, the 
5 transfer electrode 32 nearest to the adjuster 60 and the transfer 

electrode 61 are overlapped with each other in plan view in at least an 
edge section on a downstream side (on the side of the output transfer 
path 70) of the transfer path forming region 32T and in an edge section 
on an upstream side (on the side of the light sensing section 10) of the 

10 transfer path forming region 61T. This is also the case of a 

combination of the transfer electrodes 61 and 62 and a combination of 
the transfer electrodes 62 and 63. These transfer electrodes are 
mutually isolated from each other by an electrically insulating film. 

The adjusting section 60 changes the transfer direction of signal 

15 charge transferred by each vertical transfer CCD 30 and adjusts the 
pitch of two adjacent charge transfer paths to a constant value. 

The output transfer path 70 receives signal charge sent from 
each vertical transfer CCD 30 via the adjusting section 60 and 
sequentially transfers the signal charge in the row direction to the 

20 output portion 80. 

The output portion 80 converts signal charge sent from the output 
transfer path 70 into a signal voltage using floating capacity (not shown) 
and amplifies the signal voltage by, for example, a source follower 
circuit (not shown). After the detection (conversion), the signal charge 

25 is absorbed in a power source (not shown) via a reset transistor (not 
shown). 
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To supply predetermined driving pulses to each of the transfer 
electrodes 32, 33, and 61 to 63, four pulse supply terminals 85a to 85d 
are arranged on an outer side of the light sensing section 10. 

To supply four-phase driving pulses, each of the terminals 85a to 
5 85d is electrically connected to every fourth one of the transfer 

electrodes 32, 33, 61, 62, and 63 which are formed in a region ranging 
from an upper end side of the light sensing section 10 (a farthest side to 
the output transfer path 70) to a lower end side of the adjusting section 
60 (a nearest side to the path 70). 

10 To supply predetermined driving pulses to the output transfer 

path 70, two pulse supply terminals 88a and 88b are disposed on an 
outer side of the light sensing section 10. 

Fig. 1 further includes openings 51 disposed in a light shielding 
film 50, which will be described later. 

15 Referring now to Figs. 2, 3A, 3B, 4, 5, 6A, and 6B, description 

will be given of structure of the light sensing section 10 in an example 
including a semiconductor substrate 1. The substrate 1 is an n-type 
silicon substrate including a p-type well. However, the present 
invention is not restricted by this example. 

20 Fig. 2 is a plan view showing a magnified image of part of the 

section 10 shown in Fig. 1; 

Fig. 3A schematically shows in plan view a charge transfer 
channel 31a shown in Fig. 2. Fig. 3B shows in a schematic plan view a 
charge transfer channel 31b shown in Fig. 2. 

25 Fig. 4 is a plan view schematically showing one of the transfer 

electrodes 32. 
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Fig. 5 schematically shows in plan view one of the transfer 
electrodes 33. 

Figs. 6A and 6B are cross-sectional views of Fig. 2 taken along 
lines A-A and B-B, respectively. 
5 As can be seen from Fig. 2, each photoelectric converter column 

20 formed in the light sensing section 10 includes a predetermined 
number of photoelectric converters (signal charge storage regions) 22 
with a constant pitch Pi in a column direction D v (indicated by an arrow 
mark in Fig. 2). Each photoelectric converter row 21 formed in the 

Q 10 section 10 includes a predetermined number of photoelectric converters 

Hi (signal charge storage regions) 22 with a constant pitch P 2 in a row 

T 5 direction D H (indicated by an arrow mark in Fig. 2). 

gj Each photoelectric converter 22 of an even photoelectric 

^ converter column 20 is shifted relative to an associated photoelectric 

= 15 converter 22 of an odd photoelectric converter column 20 by about one 

p half of the pitch Pi in the column direction D v (Fig. 2). Analogously, 

~~ each photoelectric converter 22 of an even photoelectric converter row 

21 is shifted relative to an associated photoelectric converter 22 of an 
odd photoelectric converter row 21 by about one half of the pitch P 2 in 

20 the row direction D H (Fig. 2). 

In this specification, "about one half of the pitch P-i" includes, in 
addition to Pi/2, any value which is different from because of 
factors such as a manufacturing error, a rounding error of a pixel 
position appearing in a design phase or a mask fabrication process, or 

25 the like and which nevertheless can be regarded as substantially 
equivalent to Pi/2 in consideration of obtained performance of the 
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IT-CCD and picture quality thereof. This also applies to "about one 
half of the pitch P 2 " in this specification. 

Each photoelectric converter 22 has substantially a hexagonal 
shape in plan view, and the photoelectric converters 22 are substantially 
5 equal in size to each other. 

Four charge transfer channels 31a and four charge transfer 
channels 31b of two types are alternately disposed in the row direction 
D H (Fig. 2). These channels 31a and 31b are almost axially symmetric 
in contour in plan view. Excepting the right-most (in Fig. 1) 

10 photoelectric converter column 20, each photoelectric converter column 
20 is arranged between two charge transfer channels 31a and 31b 
adjacent to each other. 

As shown in Figs. 2, 3A, and 3B, each of the charge transfer 
channels 31a and 31b includes a plurality of sections lying in a line. 

15 Each section has a direction different from that of the next section such 
that the channel generally shows a zigzag shape extended in the 
column direction D v . The channels 31a and 31b have an equal number 
of sections. In each channel, every second section has a narrow 
channel width (for every second photoelectric converter row). In both 

20 channels 31a and 31b, the region of such a narrow width is formed in 
sections which each equally numbered in the channels 31a and 31b 
beginning at the upper end side of the light sensing section 10 (the 
farthest side from the output transfer path 70). Contiguous to each 
region of the narrow width, a readout gate region 40 is arranged. Each 

25 region 40 is contiguous also to a predetermined photoelectric converter 
22. 
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In Figs, 3A and 3B, the channels 31a and 31b includes sections 

Ri » R2. R3, • • > Re- 
Two types of transfer electrodes 32 and 33 are disposed to 
intersect respectively the channels 31a and 31b in plan view (Fig. 2). 
5 Each of the transfer electrodes 32 and 33 includes transfer path forming 
regions 32T or 33T as many as there are charge transfer channels 31a 
and 31b. 

As can be seen from Fig. 2 or 4, the transfer path forming 
regions 32T are coupled via a connecting region 32C to each other in 
O 10 the row direction D H in the transfer electrode 32. Two regions 32T 
fG coupled via one connecting region 32C with each other are symmetric 

+; with respect to plane. Each transfer path forming region 32T covers in 

£ plan view one of the narrow regions of the channels 31a and 31b. The 

region 32T and the narrow region of the channel 31a or 31b constitute 
5 15 one charge transfer stage. 

p In the transfer electrode 33, the transfer path forming regions 

" 33T are linked via a connecting region 33C to each other in the row 

direction D H in the transfer electrode 33 as shown in Fig. 2 or 5. Two 
regions 33T connected via one connecting region 33C to each other are 
20 symmetric with respect to plane. Each transfer path forming region 
33T covers in plan view one of the narrow regions of the channels 31a 
and 31b. The region 33T and the narrow region of the channel 31a or 
31b constitute one charge transfer stage. 

Each transfer path forming region 33T individually covers also 
25 one readout gate region 40 in plan view. In the region 33T over the 
region 40 in plan view serves as a readout gate electrode region 33G to 
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read signal charge from the associated photoelectric converters 22 (Fig. 
5). 

The charge transfer stage including the transfer path forming 
region 32T and that including the transfer path forming region 33T are 
5 alternately arranged in the column direction D v to configure one vertical 
transfer CCD 30 (Fig. 2). Each charge transfer stage of the CCD 30 
has a direction different from that of the next stage such that the stages 
generally shows a zigzag shape extended in the column direction Dv 
(Fig. 2). 

S 10 When two adjacent transfer electrodes 32 and 33 intersect one 

photoelectric converter column 20, the electrodes 32 and 33 overlap 
jjj with each other in the connecting regions 32C and 33C. When the 

5 electrodes 32 and 33 intersect a photoelectric converter column 20 

p adjacent to the column 20 above, the electrodes 32 and 33 are 

O 15 separated from each other to enclose in plan view one photoelectric 
Q converter 22 of the pertinent column 20. The two transfer electrodes 

32 and 33 are formed repeatedly in this pattern of "meeting and parting" 
and generally extend in the row direction D H (Fig. 2). 

In the constitution shown in Fig. 1, viewed from an upper side of 
20 the light sensing section 10, when two adjacent transfer electrodes are 
the transfer electrodes 32 and 33, these electrodes 32 and 33 enclose 
in plan view each photoelectric converter 22 of the odd columns. On 
the other hand, when two adjacent transfer electrodes are the transfer 
electrodes 33 and 32, these electrodes 33 and 32 enclose in plan view 
25 each photoelectric converter 22 of the even columns. 

Two adjacent transfer electrodes 32 and 33 described above 
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enclose in plan view one photoelectric converter 22 at each location at 
which the electrodes 32 and 33 are separated from each other. This 
resultantly defines one photoelectric converter region having a 
hexagonal contour or a substantially hexagonal contour. These 
5 photoelectric converter regions are substantially equal in contour, size, 
and direction to each other. The transfer electrodes 32 and 33 are 
configured generally in a honeycomb layout (Fig. 2). 

Each photoelectric converter region is defined in plan view by 
one connecting region 32C, two transfer path forming regions 32T 
~ 10 adjacent via the region 32C to each other, one connecting region 33C, 

r~ and two transfer path forming regions 33T adjacent via the region 33C 

u § 

Q to each other. 

5J For easy discrimination between the transfer electrodes 32 and 

p 33, these electrodes 32 and 33 are separated from each other in Fig. 1. 

p 15 However, as shown in Fig. 2, the transfer electrodes 32 and 33 overlap 
q with each other in the connecting regions 32C and 33C and the transfer 

path forming regions 32T and 33T. 

When the vertical transfer CCD 30 is not arranged on the left 
side of the photoelectric converter column 20 at the left end of the light 
20 sensing section 10 (the left end of Fig. 1), each photoelectric converter 
22 of the pertinent column 20 need not be enclosed by two adjacent 
transfer electrodes 32 and 33 in plan view. That is, the transfer path 
forming regions 32T and 33T required to enclose in plan view each 
photoelectric converter 22 of the left-most column 20 can be dispensed 
25 with. Additionally, the left-most connecting regions 32C and 33C can 
be also removed. This also applies to a case in which the vertical 
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transfer CCD 30 is not arranged on the right side of the right-most 
photoelectric converter column 20 in the light sensing section 10 (Fig. 

1). 

As can be seen from Figs. 6A and 6B f the photoelectric converter 
22 is, for example, a photodiode of burried type including a 
predetermined region of a p-type well 2 formed on one surface of a 
semiconductor substrate 1, an n-type region 3 formed in the 
predetermined region, and a p + -type layer 4 disposed as an burring 
region in the n-type region 3. The n-type region 3 serves as a signal 
charge storage region. On the p + -type layer 4, an insulating film 
(silicon oxide file) 5 is disposed. Two adjacent photoelectric 
converters 22 in the column direction D v are separated from each other 
by a channel stop region 25 (Fig. 6A) comprising, for example, a p + -type 
layer. 

The charge transfer channels 31a and 31b are arranged by 
forming, for example, an n-type region at predetermined locations of the 
p-type well 2 on the substrate 1. The channels 31a and 31b are 
electrically isolated from the photoelectric converters 22 in other than 
the location of the readout gate regions 40 by a channel stop region 35 
(Fig. 6B) comprising, for example, a p + -type layer. 

The transfer electrode 32 is made of, for example, a first 
polycrystalline silicon layer formed on the substrate 1 with the insulating 
film 5 intervening therebetween. Each transfer electrode 32 is coated 
with an insulating layer made of a silicon oxide or the like. 

The transfer electrode 33 is made of, for example, a second 
polycrystalline silicon layer. Each electrode 33 is covered with an 
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insulating film, which will be described later. For easy understanding, 
the electrodes 32 and 33 are covered with one insulating layer 34 in 
Figs. 6A and 6B. 

Each readout gate region 40 (Fig. 6B) comprises, for example, a 
5 predetermined region of the p-type well 2 on the substrate 1. The 

readout gate electrode region 33G is formed on the readout gate region 
40 with the insulating film 5 intervening therebetween. 

Figs. 6A and 6B includes a light shielding film 50, which will be 
described later. Figs. 1, 2, 6A, and 6B include openings 51 disposed in 
9 10 the film 50. 

™ In the IT-CCD 100 including the light sensing section 10, one 

jjj pixel is configured using (a) one photoelectric converter 22, (b) two 

S charge transfer stages of the vertical transfer CCD 30 adjacent to the 

p converter 22 shown on the left-hand side of Fig. 2, i.e., a charge 

O 15 transfer stage including the transfer path forming region 32T and a 
O charge transfer stage including the transfer path forming region 33T, 

and (c) a readout gate region 40 arranged between the photoelectric 
converter 22 and the charge transfer stage including the transfer path 
forming region 33T. 
20 As described above, to prevent unnecessary photoelectric 

conversion in the respective vertical transfer CCDs 30 of the IT-CCD, 
the region ranging from the light sensing section 10 to the output 
transfer path 70 is coated with the light shielding film 50 in plan view. 

As can be seen from Figs. 6A and 6B, the light shielding film 50 
25 has openings 51 each having a predetermined contour on respective 
photoelectric converters 22 in the light sensing section 10. One 
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opening 51 is disposed for each photoelectric converter 22. Each 
opening 51 is within a peripheral edge in plan view of the signal charge 
storage region (n-type region 3) of the converter 22. The converter 22 
has a section exposed in the opening 51 in plan view, the section 
serving as a light receiving section (this section will be referred to as 
"light receiving section 51" in some cases herebelow). 

The light shielding film 50 is made of, for example, a metallic film 
of aluminum, chromium, wolfram, titanium, molybdenum, or the like or a 
film of an alloy including at least two kinds of the metals above. 
Alternatively, the film 50 is made of a multilayer film including a 
combination of metals above or a combination of metals above and 
alloys above. 

Each opening (light receiving section) 51 is substantially a 
hexagonal shape in plan view. The hexagon is axially symmetric with 
respect to the column direction D v and the row direction D H . These 
openings 51 are mutually and substantially equal in contour, size and 
direction to each other. 

Light incident through the opening 51 to the photoelectric 
converter 22 is photoelectrical^ converted by the converter 22 into 
signal charge. The signal charge is fed from the n-type region 3 as the 
signal charge storage region of the converter 22 via the readout gate 
region 40 contiguous to the converter 22 to the vertical transfer CCD 30. 
At this point of time, a predetermined field shift pulse (readout pulse) is 
applied to the transfer electrode 33 (readout gate electrode region 33G). 

The signal charge read out to the CCD 30 is sequentially 
transferred through the charge transfer stages of the CCD 30 to be 
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delivered via the adjusting section 60 to the output transfer path 70 (Fig 
1). 

Fig. 7 schematically shows in a cross-sectional view an example 
of the output transfer path 70. The path 70 is comprised of a CCD of 
5 two-phase driving type with two-layer polycrystalline silicone electrodes. 
In Fig. 7, the same constituent components as those shown in Fig. 6 are 
assigned with the same reference numerals and duplicated description 
thereof will be avoided. 

The output transfer path (horizontal transfer CCD) 70 shown in 
10 Fig. 7 includes one charge transfer channel 71 formed on a 

semiconductor substrate 1, a plurality of transfer electrodes 72 and 73 
disposed on the substrate 1 with an insulating film (silicon oxide film) 5 
intervening therebetween, an insulating film 74 manufactured on the 
transfer electrodes 72 and 73, and a light shielding film 50 disposed on 
15 the insulating film 74. 

The charge transfer channel 71 includes an n + -type region 71a 
having a high concentration of n-type impurity and an n-type region 71b 
having a low concentration of n-type impurity, the regions 71a and 71b 
being alternately fabricated at predetermined locations in a p-type well 
20 2 formed on one surface of the substrate 1. The channel 71 extends in 
the row direction D H . 

Each transfer electrode 72 is made of a polycrystalline silicon 
layer. Disposed on a surface of the electrodes 72 is a film of silicone 
oxide 75. The electrode 72 is arranged on each n + -type region 71a. 
25 Each transfer electrode 73 is also made of a polycrystalline silicon layer 
The electrode 73 is arranged on each n-type region 71b. 
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The transfer electrodes 72 and 73 are arranged to intersect the 
charge transfer channel 71 . Respective end sections on the side of the 
electrode 72 of the electrodes 73 are disposed over the electrodes 72. 
That is, the electrodes 72 and 73 are in a so-called overlapping transfer 
5 electrode configuration. 

One n + -type region 71a and one transfer electrode 72 disposed 
over the region 71a with the insulating (silicon oxide) film 5 intervening 
therebetween constitute one potential well region. Similarly, one 
n-type region 71b and one transfer electrode 73 arranged over the 
10 region 71b with the insulating film 5 intervening therebetween constitute 
one potential barrier region. 

One charge transfer stage is configured by applying a voltage of 
a predetermined level to the transfer electrode 73 forming one potential 
barrier region and to the transfer electrode 72 constituting one potential 
15 well region immediately downstream (the side of the output portion 80) 
of the potential barrier. 

In the output transfer path 70, two charge transfer stages are 
disposed for one vertical transfer CCD 30. In the path 70, one CCD 30 
is connected via the adjusting section 60 to every second charge 
20 transfer stage of the output transfer path 70. 

Signal charge transferred from the CCD 30 via the adjuster 60 is 
received by the output transfer path 70 in the potential well region of the 
path 70. 

The insulating film 74 protects the transfer electrodes 72 and 73 
25 and electrically insulates the light shielding film 50. The film 74 is 
composed of, for example, a film of silicon oxide, a two-layer film 
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including a film of silicon oxide and a film of silicon nitride, or a 
three-layer film including a film of silicon oxide, a film of silicon nitride, 
and a film of silicon oxide. 

The light shielding film 50 hinders light from entering the 
5 pertinent output transfer path 70 and the like to prevent unnecessary 
photoelectric conversion in the path 70 and the like. 

The signal charge sequentially transferred through the path 70 is 
delivered to the output portion 80 (Fig. 1) to be converted into a signal 
voltage. The signal voltage is amplified therein and is outputted to a 
*3 10 predetermined circuit. 

Y-1 In the IT-CCD 100 above, the charge transfer channel 31a or 31b 

f7t is narrower in a section thereof which is contiguous to the readout gate 

J5j region 40 than in other sections thereof (Fig. 3). The IT-CCD 100 

p therefore provides advantages as follows. 

q 15 Even when the width of the transfer path forming region 33T of 

□ the transfer electrode 33 is not larger than that of the transfer path 

forming region 32T of the transfer electrode 32, it is possible to reserve, 
in the transfer path forming region 33T, a region as a transfer path 
forming region for the vertical transfer CCD 30 and a region as the 
20 readout gate electrode region 33G. Resultantly, the area of the 

photoelectric converter region defined for every second photoelectric 
converter column 20 by two adjacent transfer electrodes 32 and 33 can 
be easily increased. Accordingly, the area of the opening (light 
receiving section) 51 can be easily enlarged while keeping unchanged 
25 the contour, the size, and the direction of the openings 51 of the pixels 
for two adjacent pixel rows. 
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Consequently, the IT-CCD 100 can easily prevent the event in 
which the light collecting efficiency and sensitivity of each pixel vary 
between two adjacent pixel rows. The pixel density can be easily 
increased while preventing the minimization of the area of each opening 
5 (light receiving section) 51. 

As above, the charge transfer stage having a narrowed width of 
the channel 31a or 31b and that having an original width of the charge 
transfer channel 31a or 31b are alternately formed for each vertical 
transfer CCD 30. One charge transfer stage having the original width 

10 exists between two adjacent readout gate regions 40 along one charge 
transfer channel 31a or 31b. 

It is therefore possible to minimize the disadvantage caused by 
the reduction of the channel width in the section contiguous to the 
readout gate region 40 as shown in Fig. 3. The charge transfer stage 

15 having a narrowed width of the channel 31a or 31b need only store 

signal charge for a short period of time and need transfer the signal to a 
subsequent charge transfer stage. The channel width in the charge 
transfer stage having the narrowed width is favorably about 50% to 
about 95% of the channel width of the section of the channel 31a or 31b 

20 apart from the readout gate region 40 and is most favorably about 60% 
to about 80% thereof. 

To drive the IT-CCD 100 shown in Fig. 1, a drive pulse supplier is 
employed to feed predetermined driving pulses to the respective 
transfer electrodes 32, 33, and 61 to 63 and the output transfer path 70. 

25 Description will be given of an example of a method of driving the 

IT-CCD 100. This example is interlaced driving in which one frame is 
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divided into two fields including a first field and a second field. 

The pulse supplier 105 to drive the IT-CCD 100 includes as 
shown in Fig. 8, for example, a sync signal generator 101, a timing 
generator 102, a vertical driver circuit 103, and a horizontal driver 
circuit 104. 

The sync signal generator 101 generates various pulses 
necessary for signal processing such as a vertical sync pulse and a 
horizontal sync pulse. The timing generator 102 generate timing 
signals for four-phase vertical pulse signals necessary to drive the 
vertical transfer CCD 30, a field shift pulse necessary to read out signal 
charge from the photoelectric converter 22, and two-phase horizontal 
pulse signals necessary to drive the output transfer path 70. 

The vertical driver circuit 103 generates vertical pulse signals 
according to the timing signals above and feeds the signals via the 
pulse supply terminals 85a to 85d to predetermined transfer electrodes 
32, 33, 61, 62, and 63. The horizontal driver circuit 104 generates 
horizontal pulse signals according to the timing signals above and 
sends the signals via the pulse supply terminals 88a and 88b to the 
output transfer path 70. 

Assume that the vertical pulse signals applied respectively to the 
terminals 85a, 85b, 85c, and 85d are represented as V a , V b , V c , and V d , 
respectively. The horizontal pulse signals applied respectively to the 
terminals 88a and 88b are denoted as H a and H b , respectively. The 
signals H a and H b are shifted tt in phase from each other. 

At an appropriate time in a first vertical blanking period 
determined by a blanking pulse, a low-level vertical pulse V L is applied 
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to the terminals 85a and 85b and a high-level vertical pulse V H is 
applied to the terminals 85c and 85d. While these vertical pulses are 
being applied thereto, a higher-level field shift pulse V R is applied to the 
terminal 85c. In response to the pulse V R) signal charge respectively 
5 stored in the photoelectric converters 22 of first, second, fifth, and sixth 
pixel rows is read out to the vertical transfer CCDs 30 respectively 
corresponding thereto (signal charge readout process). 

In this description, "a pixel row" means a group of pixels 
arranged in series in the row direction Dh. The pixel rows are called a 
Q 10 first pixel row, a second pixel row, ... , an n-th pixel row (n is a positive 

.ssss, 

JtJ integer) beginning at the pixel row nearest to the output transfer path 70. 

^ This also applies to the solid-state image pickup device of the other 

£ embodiments. One pixel row includes one photoelectric converter row 

= 21 (Fig. 1). The IT-CCD 100 includes eight pixel rows including the 

q 15 first to eighth pixel rows. 

q After the field shift pulse V R is applied to the terminal, the 

" vertical pulse signals V a , V b , V c , and V d respectively having 

predetermined waveforms are fed to the terminals 85a to 85d. The 
signal charge read out to the CCD 30 is sequentially transferred to the 
20 output transfer path 70. 

The signal charge read from each photoelectric converter 22 of 
the first and second pixel rows is transferred to the output transfer path 
70 during a first horizontal blanking period following the vertical 
blanking period. The signal charge is sequentially outputted from the 
25 output portion 80 during a first effective signal period following the first 
horizontal blanking period. In this operation, the image signal from the 
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second pixel row and that from the first pixel row are alternately 
outputted in a unit of pixel or for each pixel (image signal output 
process). 

Signal charge read out of each photoelectric converter 22 of the 
5 fifth and sixth pixel rows is transferred to the output transfer path 70 
during a second horizontal blanking period following the first effective 
signal period. The signal charge is sequentially delivered from the 
output portion 80 during a second effective signal period following the 
second horizontal blanking period. In this situation, the image signal 
~ 10 from the sixth pixel row and that from the fifth pixel row are alternately 
jt: outputted in the pixel unit (image signal output process). 

At an appropriate time in a second vertical blanking period 
jS determined by a blanking pulse after termination of the second effective 

p signal period, a high-level vertical pulse V H is applied to the terminals 

p 15 85a and 85b and a low-level vertical pulse V L is fed to the terminals 85c 

s . 

O and 85d. While these vertical pulses are being applied thereto, a field 

~ shift pulse V R is applied to the terminal 85a. In response to the pulse 

V R , signal charge respectively stored in each photoelectric converter 22 
of third, fourth, seventh, and eighth pixel rows is read out to the vertical 
20 transfer CCDs 30 respectively corresponding thereto (signal charge 
readout process). 

The signal charge read out of each photoelectric converter 22 of 
the third and fourth pixel rows is transferred to the output transfer path 
70 during a third horizontal blanking period following the second vertical 
25 blanking period. The signal charge is sequentially outputted from the 
output portion 80 during a third effective signal period following the third 
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horizontal blanking period. In this case, the image signal from the 
fourth pixel row and that from the third pixel row are alternately 
outputted in a unit of pixel (image signal output process). 

Signal charge read out of each photoelectric converter 22 of the 
5 seventh and eighth pixel rows is transferred to the output transfer path 
70 during a fourth horizontal blanking period following the third effective 
signal period. The signal charge is sequentially delivered from the 
output portion 80 during a fourth effective signal period following the 
fourth horizontal blanking period. In this situation, the image signal 
Q 10 from the eighth pixel row and that from the seventh pixel row are 

alternately outputted in the pixel unit (image signal output process). 
^ By repeatedly executing the operation (processes) above ranging 

jfc from the first vertical blanking period to the fourth effective signal 

— period, interlaced image signals, namely, image signals of each field are 

S 15 sequentially outputted from the output portion 80. 
q By disposing a color filter array on the IT-CCD 100, there is 

implemented an IT-CCD for color images. 

In a camera requiring a color image signal for each field, color 
signal processing is executed for an image output signal of each field 
20 outputted from the output portion 80 to obtain a color image signal of 
each field. 

In a camera requiring a color image signal for each frame, image 
output signals of two successive fields are once stored in a frame 
memory and the color signal processing is executed for the image 
25 signals of one frame to produce a frame of color image signals. In this 
operation, a mechanical shutter is favorably used to prevent the 

i 
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exposure time from varying between respective fields. After 
termination of the first vertical blanking period, the mechanical shutter 
is kept closed to prevent light from entering the pixels by the second 
vertical blanking period is started. As a result, for each of the first and 
5 second fields, a field image output signal at an identical time can be 
obtained. This also applies to a camera requiring a frame of 
monochrome image signals. In a camera requiring only one sheet of 
frame image, the mechanical shutter is kept closed after the first 
vertical blanking period is terminated. This prevents smear from 
Q 10 appearing in the image of the second field. 

ffj The IT-CCD 100 of the first embodiment described above is an 

^ IT-CCD of a simple configuration. In an actual IT-CCD, a plurality of 

jP microlenses are ordinarily arranged to improve photoelectric conversion 

;L efficiency of each photoelectric converter 22. In an IT-CCD for color 

% 15 images, a color filter array is disposed. 

To form the microlenses, a planarizing film is first disposed on 
~ the light sensing section 10. The planarizing film is also used as a 

focus adjusting layer. In an IT-CCD for monochrome images, a 
microlens array including a predetermined number of microlenses is 
20 disposed on a surface of the planarizing film. On the other hand, in an 
IT-CCD for color images, a color filter array is formed on the planarizing 
film. Therefore, after a second planarizing film is arranged on the color 
filter array, the microlenses are formed on the second planarizing film. 
In the IT-CCD for monochrome images and the IT-CCD for color images, 
25 each microlens is disposed to individually cover the light receiving 
section of an associated pixel in plan view. 
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Figs. 9A and 9B are cross-sectional views partly showing the 
IT-CCD 110 of the second embodiment. These diagrams show part of 
the light sensing section of the IT-CCD 110. The IT-CCD 110 is 
implemented by adding a color filter array and a microlens array to the 
IT-CCD 100 of the first embodiment. The IT-CCD 110 is namely an 
IT-CCD to produce color images. 

In Fig. 9A or 9B, the same constituent components as those 
shown in Fig. 6A or 6B are assigned with the same reference numerals 
and duplicated description thereof will be avoided. 

In the IT-CCD 110, a first planarizing film 90 is disposed to cover 
a light shielding film 50 on the light sensing section and the light 
receiving section 51 of each pixel. Formed on a surface of the first 
planarizing film 90 is a color filter array 91. On the color filter array 91, 
a second planarizing film 92 is disposed. A microlens array including a 
predetermined number of microlenses 93 is disposed on a surface of the 
second planarizing film 92. 

The first planarizing film 90 is arranged by coating the pertinent 
area with a transparent resin, for example, photoresist having a desired 
thickness, for example, by spin coating. 

The color filter array 91 includes, for example, a red filter 91 R, a 
green filter 91G, and a blue filter 91B in a predetermined pattern. The 
color filter array 91 can be arranged by forming at a predetermined 
location a layer of resin mixed with a desired color of pigment or dye, 
for example, by photolithography. 

As described in conjunction with the IT-CCD 100 of the first 
embodiment, each of the transfer electrodes 32 and 33 is arranged in a 
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honeycomb layout. Each photoelectric converter 22 exists in plan view 
in a photoelectric converter region defined by two adjacent transfer 
electrodes 32 and 33 in every second photoelectric converter column. 
Therefore, the red, green, and blue filters 91R, 91G, and 91 B are 
5 arranged in a hexagonal pattern in the color filter array 91. 

In the array 91, an allocation pattern is selected for each color 
filter for the following purpose. In the IT-CCD having the color filter 
array 91, signal charge stored in each photoelectric converter of 
predetermined two pixel rows, for example, two adjacent pixel rows are 
10 processed in additive or subtractive color matching to obtain full-color 
information. 

p Fig. 10 partly shows in plan view an example of the color filter 

g array 91. The array 91 alternately includes a color filter column 

q including only green filters 91G and a color filter column alternately 

q 15 including a blue filter 91B and a red filter 91R. 

p Each of the color filters 91R, 91G, and 91 B is arranged to cover 

in plan view the light receiving section 51 of each pixel. In Fig. 10, a 
photoelectric converter region defined by two adjacent transfer 
electrodes 32 and 33 in every second photoelectric converter column 

20 has a contour drawn by a dotted line. Letters R, G, and B respectively 
indicate colors, red, green, and blue of the respectively color filters. 

The second planarizing film 92 shown in Figs. 9A and 9B is 
disposed by coating the pertinent area with a transparent resin, e.g., 
photoresist having a desired thickness, for example, in a spin coating 

25 process. 

Each microlens 93 shown in Figs. 9a and 9B is formed as follows 
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to cover the light receiving section of one pixel in plan view. A layer of 
transparent resin (including photoresist) having a refractive index from 
about 1.3 to about 2.0 is subdivided into hexagonal partitions by 
photolithography or the like. The transparent resin of each partition is 
5 molten by heat treatment. Edges of each partition are rounded by 
surface tension and then the partition is cooled down to obtain the 
microlens 93. 

In the IT-CCD 110 having the color filter array 91 and the 
microlens array, the first planarizing film 90 is ordinarily disposed on 
Q 10 the light shielding film 50 of the output transfer path 70 shown in Fig. 7 
H: and the second planarizing film 92 is disposed on the first planarizing 

Wf 

jj film 90. 

jjj Fig. 11 is a cross-sectional view schematically showing part of 

q the output transfer path 70a of the IT-CCD 110. In Fig. 11, the same 

q 15 constituent elements as those shown in Fig. 7 or Figs. 9A and 9B are 
H assigned with the same reference numerals and duplicated description 

~~ thereof will be avoided. 

The first planarizing film 90 shown in Fig. 1 1 is disposed in the 
process to form the first planarizing film 90 on the light sensing section 
20 10 (Figs. 9A and 9B). The second planarizing film 92 shown in Fig. 11 
is arranged in the process to form the second planarizing film 92 on the 
color filter array 91 (Figs. 9A and 9B). 

In the IT-CCD 110 having the color filter array 91 shown in Fig. 
10, the green filter 91G is arranged on each photoelectric converter of 
25 one of the two adjacent pixel rows. In the other one of the adjacent 
pixel rows, the blue filter 91 B or the red filter 91 R is disposed on each 
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photoelectric converter. In the other pixel row above, the blue and red 
filters 91B and 91R are alternately arranged in this order or in an order 
reverse to this order. 

Full-color information is generated according to signal charge 
5 from each photoelectric converter 22 of the pixel rows provided with 
only the green filter 91G and signal charge from each photoelectric 
converter 22 of the pixel rows alternately provided with the blue filter 
91B and the red filter 91R. 

When the light collecting efficiency and sensitivity of each pixel 
5 10 vary between two adjacent pixel rows, the same disadvantage takes 
J>j place between the pixel row provided only with the green filter 91 G and 

jT] the pixel row provided alternately with the blue and red filters 91 B and 

S 91 R. Resultantly, a ratio between a red signal output and a green 

p signal output differs from a ratio between a blue signal output and a 

q 15 green signal output obtained according to signal charge stored in the 

O photoelectric converters 22 of these pixel rows. This means that color 

O 

balance is lost in the output signal from the IT-CCD 110. This leads to 
color shading in a picture reproduced from the signal. 

However, the light sensing section 1 0 of the IT-CCD 1 1 0 is 

20 substantially identical to the light sensing section 1 0 of the IT-CCD 100 
of the first embodiment. As above, each light receiving section 51 
formed in the light sensing section 10 of the IT-CCD 100 is an axially 
symmetric hexagonal shape in the column direction D v and the row 
direction Dh in plan view. The sections 51 are substantially equal to 

25 each other in contour, size, and direction. 

Consequently, although the shifted-pixel layout is employed in 
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the IT-CCD 110, the event in which the light collecting efficiency and 
sensitivity of each pixel vary between two adjacent pixel rows rarely 
take place. Therefore, the color shading seldom occurs. In addition, 
the pixel density can be easily improved while suppressing the decrease 
5 in the area of the light receiving section 51 of each pixel. 

Next, an IT-CCD of a third embodiment will be described by 
referring to Fig. 12. Fig. 12 is a plan view schematically showing an 
IT-CCD 120 of the third embodiment. 

The IT-CCD 120 is of the same configuration as the IT-CCD 100 
10 excepting (i) a contour of a light receiving section of each pixel, (ii) the 
number of pulse supply terminals to supply predetermined driving pulses 
jj to each of transfer electrodes 32, 33, 61 , 62, and 63, and (iii) 

m specifications of connections between the pulse supply terminals and 

p the transfer electrodes 32, 33, 61, 62, and 63. In the configuration 

q 15 shown in Fig. 12, the same constituent components as those shown in 

it 

O Fig. 1 are assigned with the same reference numerals and duplicated 

description thereof will be avoided. 

As can be seen from Fig. 12, the IT-CCD 120 includes a light 
receiving section 51a for each pixel, the section 51a having a shape of 
20 almost a parallelogram in which a longer diagonal is substantially 
parallel to the column direction D v and a shorter diagonal is 
substantially parallel to the row direction D H . 

The IT-CCD 120 includes six pulse supply terminals 85ai, 85a 2 , 
85b, 85ci, 85c2, and 85d to supply predetermined driving pulses to the 
25 transfer electrodes 32, 33, 61, 62, and 63. 

The pulse supply terminal 85a shown in Fig. 1 is divided into the 
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pulse supply terminals 85ai and 85a 2 . The pulse supply terminal 85c 
shown in Fig. 1 is divided into the pulse supply terminals 85ci and 85c 2 . 

Each of the pulse supply terminals 85ai, 85a 2 , 85b, 85ci, 85c 2 , 
and 85d is electrically connected to the predetermined transfer 
electrode 32, 33, 61, 62, or 63. 

Also in the IT-CCD 120 shown in Fig. 12, the charge transfer 
channel 31a or 31b has a narrowed width in a section thereof to which 
the readout gate region 40 is contiguous. Namely, the channel width is 
narrower in this section than in other sections of the channel. In the 
IT-CCD 120, because of almost the same reason as for the IT-CCD 100 
of the first embodiment, the area of the light receiving section 51a can 
be easily increased while keeping unchanged the contour, the size, and 
the direction of the light receiving section 51a of each pixel between two 
adjacent pixel rows. 

Resultantly, although the IT-CCD 120 employs the shifted-pixel 
layout, the event in which the light collecting efficiency and sensitivity of 
each pixel vary between two adjacent pixel rows can be easily 
prevented. Additionally, the pixel density can be easily increased while 
suppressing the decrease in the area of the light receiving section 51 of 
each pixel. 

By disposing a color filter array in the IT-CCD 120, an IT-CCD for 
color images can be implemented. The color filter array can be 
produced in a procedure similar, for example, to the procedure to 
dispose the color filter array in the IT-CCD 1 10 of the second 
embodiment. 

When the IT-CCD 120 is modified to produce color images, color 
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shading seldom occurs for substantially the same reason as for the 
IT-CCD 1 10 of the second embodiment. 

The IT-CCD 120 can be driven, like the IT-CCD 100, by 
interlaced driving. In the driving, a vertical pulse signal V a is applied 
5 to the pulse supply terminals 85ai and 85a 2 and a vertical pulse signal 
V b is delivered to the pulse supply terminal 85b. Vertical pulse signal 
V c is applied to the pulse supply terminals 85ci and 85c 2 and a vertical 
pulse signal V d is fed to the pulse supply terminal 85d. A horizontal 
pulse signal H a is applied to the pulse supply terminal 88a and a 

10 horizontal pulse signal H b is fed to the pulse supply terminal 88b. 

As a result, one frame is subdivided into two fields, i.e., a first 
field including the first, second, fifth, and sixth pixel rows and a second 
field including the third, fourth, seventh, and eighth pixel rows. An 
image signal output of each field can be attained through operation 

15 similar to the operation of the IT-CCD 100 of the first embodiment. By 
conducting the operation above for the first and second fields, an image 
output signal can be obtained for one frame. 

The IT-CCD 120 can be driven while thinning out the number of 
pixel rows, storing signal charge to be read out, to one quarter of all 

20 pixel rows. In the thinning-out driving, at an appropriate time during a 
first vertical blanking period determined by the blanking pulse, for 
example, a low-level vertical pulse V L is applied to the pulse supply 
terminals 85ai, 85a 2 , and 85b and a high-level vertical pulse Vh is fed to 
the pulse supply terminals 85c 1( 85c 2 , and 85d. While these vertical 

25 pulses V L and Vh are being fed to the terminals above, a field shift pulse 
Vr is applied to the pulse supply terminal 85c 2 . In response to the field 
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shift pulse V R> signal charge stored in each photoelectric converter 22 
of the first and second pixel rows is read out to an associated vertical 
transfer CCD 30 (signal charge readout process). 

The field shift pulse V R may also be applied to the pulse supply 
5 terminal 85ci. In this case, signal charge stored in each photoelectric 
converter 22 of the fifth and sixth pixel rows is read out to an associated 
vertical transfer CCD 30. 

Signal charge stored in each photoelectric converter 22 of the 
third and fourth pixel rows can be read out to an associated vertical 

10 transfer CCD 30. For this purpose, at an appropriate time during a first 
vertical blanking period, a high-level vertical pulse V H is applied to the 
pulse supply terminals 85ai, 85a 2 , and 85b and a low-level vertical 
pulse V L is applied to the pulse supply terminals 85ci, 85c 2 , and 85d. 
While these vertical pulses V L and V H are being fed to the terminals, a 

15 field shift pulse V R is applied to the pulse supply terminal 85a2- 

Signal charge stored in each photoelectric converter 22 of the 
seventh and eighth pixel rows can be read out to an associated vertical 
transfer CCD 30. To read out the signal charge, at an appropriate time 
during a first vertical blanking period, a high-level vertical pulse V H is 

20 applied to the pulse supply terminals 85ai, 85a2, and 85b and a 

low-level vertical pulse V L is applied to the pulse supply terminals 85ci, 
85C2, and 85d. While these vertical pulses V H and V L are being fed to 
the terminals, a field shift pulse Vr is applied to the pulse supply 
terminal 85ai. 

25 By processing the signal charge thus read out in a manner 

similar to that of the signal charge processing by ordinary interlaced 
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driving, filed image signals or frame image signals thinned out to one 
quarter of the original image signals can be obtained. 

The thinning-out described above is carried out to obtain image 
signals thinned out to one quarter of the original image signals in any 
5 situation. Namely, it is not necessary to read out signal charge of all 
pixels. Since the IT-CCD 120 includes only eight pixel rows, the 
quarter thinning-out operation is completed by one horizontal reading 
operation. However, the actual number of pixel rows is, for example, 
600 or more. 

10 In an IT-CCD in which n stages of the light sensing sections 10 

shown in Fig. 12 are sequentially arranged in the column direction D v , 
to obtain frame image signals thinned out to one quarter of the original 
image signals, the thinning-out operation is conducted from the first 
stage to the n-th stage. In this operation, for the respective stages, 

15 signal charge is simultaneously read from each photoelectric converter 
22 of a desired pixel row and is fed to the vertical transfer CCD 30. 
Signal charge read from the each stage is sequentially transferred by an 
associated vertical transfer CCD 30 to the output transfer path 70. The 
signal charge is transferred through the path 70 to be sequentially 

20 outputted from the output portion 80. 

For example, for a digital still camera to conduct optimal setting 
of exposure conditions (a shutter speed and a lens opening), focus 
adjustment, and monitor picture display, it is necessary to obtain image 
output signals at a high frame frequency of about 30 frames per second. 

25 On the other hand, to produce a digital still camera having high 

resolution, it is desired that the IT-CCD of the camera have one million 
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pixels or more. 

However, when the number of pixels exceeds one million, quite a 
long period of time is required to obtain an image signal output of one 
frame, for example, one second for several frames. Therefore, the 
5 optimal setting of exposure conditions, the focus adjustment, and the 
monitor picture display cannot be achieved. 

Consequently, to fabricate a digital still camera having high 
resolution, it is desired to use an IT-CCD in which operations other than 
the readout of a still picture recorded at depression of the shutter are 
p 10 carried out at a high frame frequency. 

01 As above, the ordinary interlaced driving and the driving with the 

m 

HP quarter thinning-out can be selectively achieved by the IT-CCD 120. 

The frame frequency in the thinning-out driving is four times that in the 
^ ordinary interlaced driving. The IT-CCD 120 is therefore an IT-CCD of 
ifi 15 a suitable configuration to attain image signals of a high frame 

frequency. 

3 ~ = In a camera requiring color image signals for each field, color 

signal processing is executed for image output signals of each field 
delivered from the output portion 80 to obtain color image signals of 
20 each field. 

In a camera requiring color image signals of a frame, two 
successive field image output signals are once stored in a frame 
memory, color signal processing is executed for image output signals of 
each frame to obtain color image signals of one frame. To prevent 
25 exposure time from varying between respective fields, a mechanical 

shutter is favorably employed. After the vertical blanking period for the 
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first field is terminated, the mechanical shutter is kept closed to prevent 
light from entering the pixels by the vertical blanking period for the 
second field is started. Resultantly, for each of the first and second 
fields, a field image output signal at an identical time can be obtained. 
5 This also applies to a camera requiring a frame of monochrome image 
signals. In a camera requiring only one sheet of frame image, the 
mechanical shutter is kept closed after the vertical blanking period for 
the first field is terminated. This prevents smear from appearing in the 
image of the second field. 

Q 10 Referring next to Fig. 13, description will be given of an IT-CCD 

G] of a fourth embodiment. 

* Fig. 13 is a plan view schematically showing an IT-CCD 130 of 

j: the fourth embodiment. 

"L The IT-CCD 130 has the same constitution as that of the IT-CCD 

SI 15 120 excepting (i) the number of pulse supply terminals to supply 

predetermined driving pulses to each of the transfer electrodes 32, 33, 
" 61, 62, and 63 and (ii) specifications of connections between the pulse 

supply terminals and the transfer electrodes 32, 33, 61, 62, and 63. In 
Fig. 13, the same constituent elements as those shown in Fig. 12 are 
20 assigned with the same reference numerals and duplicated description 
thereof will be avoided. 

As shown in Fig. 13, the IT-CCD 130 includes eight pulse supply 
terminals 86a to 86h to supply predetermined driving pulses to the 
transfer electrodes 32, 33, 61, 62, and 63. 
25 Each of the pulse supply terminals 86a to 86h is electrically 

connected to the predetermined transfer electrode 32, 33, 61, 62, or 63. 
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In the IT-CCD 130 shown in Fig. 13, because of almost the same 
reason as for the IT-CCD 120 of the third embodiment, the area of the 
light receiving section 51a can be easily increased without changing the 
contour, the size, and the direction of the light receiving section 51a of 
5 each pixel between two adjacent pixel rows. As a result, although the 
IT-CCD 130 employs the shifted-pixel layout, the event in which the light 
collecting efficiency and sensitivity of each pixel vary between two 
adjacent pixel rows can be easily prevented. Moreover, the pixel 
density can be easily increased while suppressing the decrease in the 
10 area of the light receiving section 51a of each pixel. 

When the IT-CCD 130 is modified to produce color images, color 
shading rarely occurs for substantially the same reason as for the 
IT-CCD 120 of the third embodiment. 

To drive the IT-CCD 130 by interlaced driving, predetermined 
15 vertical pulses are respectively applied to the pulse supply terminals 
86a to 86h. The horizontal pulse signals H a and H b are applied to the 
pulse supply terminals 88a and 88b, respectively. 

Resultantly, one frame is subdivided into four fields, namely, a 
first field including the first and second pixel rows, a second field 
20 including the third and fourth pixel rows, a third field including the fifth 
and sixth pixel rows, and a fourth field including the seventh and eighth 
pixel rows. 

For each field, an image signal output can be obtained by 
conducting operation similar to the operation to produce an image signal 
25 output for one field when one frame is divided into two fields for the 

interlaced driving (reference is to be made to the IT-CCD 100 of the first 
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embodiment). By accomplishing the operation for the first to fourth 
fields, an image output signal can be obtained for one frame. 

When the image signal output is produced only for an identical 
field, the IT-CCD 130 can be driven by quarter thinning-out driving, 
5 namely, the number of pixel rows from which signal charge to be read 
out is reduced to one quarter of all pixel rows. In an IT-CCD including 
n stages of the light sensing sections 10 shown in Fig. 13 sequentially 
arranged in the column direction Dv, to produce frame image signals 
thinned out to one quarter of the original image signals, the thinning-out 
Q 10 operation is conducted from the first stage to the n-th stage. In the 
2 operation, for the respective stages, signal charge is simultaneously 

+: read from each photoelectric converter 22 of a desired pixel row and is 

% delivered to the associated vertical transfer CCD 30. Signal charge 

!L read from the each stage is sequentially transferred by each vertical 

g 15 transfer CCD 30 to the output transfer path 70. The signal charge is 
q transferred through the path 70 and is sequentially outputted from the 

™ output portion 80. 

The IT-CCD 130 can drive each vertical transfer CCD 30 by 
eight-phase driving. In a CCD of eight-phase driving type, one 
20 potential well is disposed for six to seven successive charge transfer 
stages and charge signal stored in the potential well is transferred. On 
the other hand, in a CCD of four-phase driving type, one potential well 
is disposed for two to three successive charge transfer stages and 
charge signal stored in the potential well is transferred. 
25 Therefore, when the transfer electrodes 32 and 33 have an 

almost equal design pattern, the vertical transfer CCD of eight-phase 
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driving type could transfer signal charge of about two to three times that 
of the vertical transfer CCD of four-phase driving type. 

As a result, in the IT-CCD 130, by decreasing the channel width 
of the charge transfer channel of each vertical transfer CCD 30, the 
area of the photoelectric converter 22 and the area of the light receiving 
section 51a can be as much increased substantially in proportion to the 
decrease in the channel width. Consequently, the sensitivity, the 
saturation output level, and the dynamic range can be increased. 

By additionally disposing a color filter array, the IT-CCD 130 can 
be modified to an IT-CCD to produce color images. The color filter 
array can be disposed in almost the same production procedure as for 
the color filter array employed, for example, in the IT-CCD 110 of the 
second embodiment. 

In a camera requiring color image signals for each field, color 
signal processing is executed for image output signals of each field 
outputted from the output portion 80 to obtain color image signals of 
each field. 

In a camera requiring color image signals of a frame, four 
successive field image output signals are once accumulated in a frame 
memory and color signal processing is executed for image output 
signals of one frame to obtain color image signals of one frame. To 
prevent exposure time from varying between respective fields, a 
mechanical shutter is favorably employed. After the vertical blanking 
period for the first field is terminated, the mechanical shutter is kept 
closed to prevent light from entering the pixels by the vertical blanking 
period for the fourth field is started. As a result, for each of the first to 
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fourth fields, there is obtained a field image output signal at an identical 
time. This also applies to a camera requiring a frame of monochrome 
image signals. In a camera requiring only one sheet of frame image, 
the mechanical shutter is kept closed after the vertical blanking period 
5 for the first field is terminated. This prevents smear from appearing in 
the image of the second to fourth fields. 

Description will next be given of an IT-CCD of a fifth embodiment 
by referring next to Fig. 14. 

Fig. 14 is a cross-sectional view schematically showing an 
Q 10 example of the output transfer path of an IT-CCD 140 of this 
EH embodiment. 

^ The IT-CCD 140 is configured almost in the same way as for the 

J; IT-CCD 100 of the first embodiment excepting that the output transfer 

path 70 is replaced with an output transfer path 70b. In Fig. 14, the 
~ 15 same functional constituent elements as those shown in Fig. 11 are 
« assigned with the same reference numerals and duplicated description 

~* thereof will be avoided. 

The output transfer path 70b is composed of a CCD of two-phase 
driving type with three-layer polycrystalline silicon electrodes. Like the 
20 output transfer path 70a of IT-CCD 110 shown in Fig. 11, the path 70b 
includes a charge transfer channel 71 disposed as follows. At 
predetermined locations of a p-type well 2 formed on one surface of a 
semiconductor substrate 1, an n + -type region 71a having a high n-type 
impurity concentration and an n-type region 71b having a low n-type 
25 impurity concentration are alternately arranged in the row direction D H . 
The region 71a is larger in width than the region 71b. The channel 71 
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extends in the row direction Dh- 

The output transfer path 70b includes predetermined numbers 
respectively of three kinds of transfer electrodes 72, 73, and 77 made of 
a polycrystalline layer. The electrode 72 is arranged on each n + -type 
5 region 71a. The transfer electrodes 73 and 77 are alternately disposed 
respectively on the n-type regions 71b. 

The transfer electrodes 72, 73, and 77 are disposed to intersect 
the charge transfer channel 71. The transfer electrode 73 has, on the 
side of the transfer electrode 72, an end section which covers the 
?2 10 electrode 72. The transfer electrode 77 has, on the side of the transfer 
^ electrode 73, an end section which covers the electrode 73. That is, 

2 the transfer electrodes 72, 73, and 77 are configured in a so-called 

ffj overlapping transfer gate layout. 

p One n + -type region 71a and one transfer electrode 72 over the 

□ 15 region 71a constitute one potential well region. Similarly, one n-type 
O region 71b and one transfer electrode 73 or 77 over the region 71b form 

one potential barrier region. 

One charge transfer stage is configured by applying a voltage of 

a predetermined level to the transfer electrode 73 or 77 of one potential 
20 barrier region and to the transfer electrode 72 of one potential well 

region disposed immediately downstream of the potential barrier (on the 

side of the output portion 80. This also applies to the following 

description). 

Each of the electrodes 72, 73, and 77 is coated with an insulating 
25 film. Fig. 14 representatively shows one insulating film 74a for 
simplicity of the drawing. 
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As in the case of the output transfer path 70 shown in Fig. 1, two 
pulse supply terminals are disposed to apply a predetermined driving 
pulse to the output transfer path 70b. The transfer electrode 72 and 
the transfer electrode 73 or 77 immediately downstream thereof are 
5 electrically connected to an identical pulse supply terminal. Two 
adjacent transfer terminals 72 with the transfer electrode 73 or 77 
intervening therebetween are electrically linked with mutually different 
pulse supply terminals, respectively. 

The output transfer path being composed of the CCD of 

10 two-phase driving type with three-layer polycrystalline silicone 

electrodes has advantage of loose or wide design rules when compared 
with the output transfer path being composed of the CCD of two-phase 
driving type with two-layer polycrystalline silicone electrodes. For 
example, when the CCD of two-phase driving type with two-layer 

15 polycrystalline silicone electrodes is disposed in a so-called overlapping 
electrode layout shown in Fig. 7 or 11, it is required to keep the gap 
between the transfer electrodes 73 substantially equal to, or less than 
the gap between the transfer electrodes 72. To manufacture the 
transfer electrodes 73 of this kind, there arises restriction in 

20 consideration of design rules. 

In the CCD 70b of two-phase driving type with three-layer 
polycrystalline silicone electrodes shown in Fig. 14, the transfer 
electrodes 73 can be disposed without such restriction. 

Therefore, when an output transfer path being composed of the 

25 CCD of two-phase driving type with three-layer polycrystalline silicone 
electrodes is adopted, it is easy to produce an IT-CCD by minimizing 
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the pixel pitch between pixels (pitch P 2 between photoelectric 
converters) in the direction of the photoelectric converter row (row 
direction D H ). This also applies to a case in which the electrodes are 
formed with a material other than polycrystalline silicon. 



embodiment. 

Fig. 15 is a plan view schematically showing an IT-CCD 200 of 
the sixth embodiment. 

Fig. 16 shows, in a magnified plan view, part of the light sensing 

10 section 210 shown in Fig. 15. 

The IT-CCD 200 of this embodiment is structurally almost the 
same as the IT-CCD 100 excepting (i) a relative positional relationship 
between a photoelectric converter 222 and a readout gate region 240 
associated therewith, (ii) contours of charge transfer channels 231a and 

15 231b of each vertical transfer CCD 230, and (iii) a position of a readout 
gate electrode region of each of the transfer electrodes 232 and 233. 
In Fig. 15 or 16, the functionally same constitution elements as those 
shown in Fig. 1 or 2 are assigned with reference numerals created by 
adding 200 to the associated reference numerals used in Fig. 1 or 2, 

20 and duplicated description thereof will be avoided. 

As can be seen from Figs. 15 and 16, in the IT-CCD 200, the 
relative positional relationship between the photoelectric converter 222 
and a readout gate region 240 contiguous thereto is fixed for all pixels. 
That is, for each pixel, the readout gate region 240 is contiguous in plan 

25 view to a lower-left edge of the associated photoelectric converter 222. 
In association therewith, each of the transfer electrodes 232 and 233 
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Description will now be given of an IT-CCD of a sixth 
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includes a readout gate electrode region. 

Fig. 17 is a plan view schematically showing one transfer 
electrode 232. 

Fig. 18 is a plan view schematically showing one transfer 
5 electrode 233. 

As shown in Fig. 17, each transfer electrode 232 includes a 
predetermined number of transfer path forming sections or regions 
232Ti and 232T 2 . Each transfer electrode 232 further includes a 
predetermined number of two kinds of connecting sections 232Ci and 
Q 10 232C 2 in the row direction D H . 

CP The connecting section 232Ci is contiguous, at its left end region 

;-P (the left end regions in Figs. 16 and 17), to the transfer path forming 

£ sections 232Ti and is contiguous, at its right end region (the right end 

JL regions in Figs. 16 and 17), to the transfer path forming sections 232T 2 . 

jfc; 15 The connecting section 232C 2 is contiguous, at its left end region (the 
jZ left end regions in Figs. 16 and 17), to the transfer path forming 

~ sections 232T 2 and is contiguous, at its right end region (the right end 

regions in Figs. 16 and 17), to the transfer path forming sections 232Ti. 
The connecting section 232Ci of the transfer electrode 232, 
20 excepting the transfer electrode 232 disposed at an upper-most position 
of the light sensing section 210, is slightly longer than the connecting 
section 232C 2 . In the transfer electrode 232 at an upper-most position 
of the light sensing section 210, the connecting sections 232Ci and 
232C 2 are substantially equal in length to each other. Paying attention 
25 only to a positional relationship between the connecting sections 232Ci 
and 232C 2 in each transfer electrode 232, the connecting sections 
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232d and 232C 2 are alternately fabricated. 

The total number of the transfer path forming sections 232"n and 
232T 2 in one transfer electrode 232 is equal to that of the charge 
transfer channels 231a and 231b formed in the light sensing section 210. 
5 As shown in Fig. 16, each of the transfer path forming sections 232Ti 
and 232T 2 covers in plan view one of the sections of the charge transfer 
channel 231a or 231b. The pertinent section 232Ti or 232T 2 and the 
section of the channel configure one charge transfer stage. 

The transfer path forming section 232T 2 , excepting the sections 

□ 10 232T 2 in the upper-most transfer electrode 232 of the light sensing 
tQ 

oi section 210, also covers in plan view one respective readout gate region 

i_n 

J= 240. Specifically, one transfer path forming section 232T 2 covers in 

i = I 

jh plan view one readout gate region 240 corresponding to a photoelectric 

^ converter 222 in an even column relative to the left end in the 

£ 15 configuration shown in Fig. 15. Therefore, the section 232T 2 is wider 

than the section 232Ti. In each section 232T 2 , the section thereof to 
u cover the readout gate region 240 serves as a readout gate electrode 

region 232G to read signal charge from the associated photoelectric 

converter 222 (Fig. 17). 
20 Each transfer electrode 233 includes a predetermined numbers of 

two kinds of transfer path forming sections 233^ and 233T 2 as shown 

in Fig. 18. Each transfer electrode 233 also includes a predetermined 

numbers of two kinds of connecting sections 233Ci and 233 2 extending 

in the row direction D H . 
25 The connecting section 233Ci is contiguous, at its left end region 

(the left end regions in Figs. 16 and 18), to the transfer path forming 
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section 233^ and is contiguous, at its right end region (the right end 
regions in Figs. 16 and 18), to the transfer path forming section 233T 2 . 
The connecting section 233C2 is contiguous, at its left end region (the 
left end regions in Figs. 16 and 18), to the transfer path forming section 
5 232T 2 and is contiguous, at its right end region (the right end regions in 
Figs. 16 and 18), to the transfer path forming section 232TV The 
connecting section 233C2 is slightly longer than the connecting section 
233Ci. The connecting sections 233Ci and 233C 2 , when attention is 
paid only thereto, are alternately arranged. 
Q 10 The total number of the transfer path forming sections 233Ti and 

5j 233T 2 in one transfer electrode 233 is equal to that of the charge 

transfer channels 231a and 231b disposed in the light sensing section 
t! 210. As can be seen from Fig. 16, each of the transfer path forming 

s": s 
<=~f 

sections 233Ti and 233T 2 covers in plan view one of the sections of the 
% 15 charge transfer channel 231a or 231b. The section 233Ti or 233T 2 and 
the pertinent section of the channel configure one charge transfer stage. 
™ The transfer path forming section 233Ti also covers in plan view 

one respective readout gate region 240. Concretely, one transfer path 
forming section 233Ti covers in plan view one readout gate region 240 
20 corresponding to a photoelectric converter 222 in an odd column 

relative to the left end in the configuration shown in Fig. 15. Therefore, 
the section 233Ti is wider than the section 233T 2 . In each section 
233Ti, the section or region thereof to cover the readout gate region 
240 serves as a readout gate electrode region 233G to read signal 
25 charge from the associated photoelectric converter 222 (Figs. 16 and 
18). 
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The charge transfer stage including the transfer path forming 
section 232Ti and that including 233Ti are alternately arranged to form 
one vertical transfer CCD 230 (Fig. 16). In the vertical transfer CCD 
230, the respective charge transfer stages generally extend, while 
5 changing direction thereof at boundaries therebetween, in the column 
direction D v (Fig. 16). The vertical transfer CCD 230 transfers in the 
column direction D v signal charge stored in each photoelectric converter 
222 of a photoelectric converter column 220 (an odd photoelectric 
converter column) disposed adjacent to the vertical transfer CCD 230 on 
O 10 the right side thereof (the right side of Fig. 15 or 16). 
CH The charge transfer stage including the transfer path forming 

^ section 232T 2 and that including 233T 2 are alternately disposed to 

■J; configure one vertical transfer CCD 230 (Fig. 16). In the vertical 

!L transfer CCD 230, the respective charge transfer stages generally 

15 extend, while changing direction thereof at boundaries therebetween, in 
SI the column direction Dv (Fig. 16). The vertical transfer CCD 230 

~ transfers in the column direction D v signal charge stored in each 

photoelectric converter 222 of a photoelectric converter column 220 (an 
even photoelectric converter column) disposed adjacent to the vertical 
20 transfer CCD 230 on the right side thereof (the right side of Fig. 15 or 
16). 

When two adjacent transfer electrodes 232 and 233 intersect one 
photoelectric converter column 220, these electrodes overlap with each 
other at the connecting sections 232Ci and 233Ci or the connecting 
25 sections 232C 2 and 233C 2 . When the electrodes 232 and 233 intersect 
an adjacent photoelectric converter column 220 adjacent to the column 
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220 above, these electrodes separate from each other to enclose one 
photoelectric converter 222 in plan view. The transfer electrodes 232 
and 233 generally extend, while meeting and parting, in the column 
direction D H (Fig. 16). 

In the configuration shown in Fig. 15, viewed from an upper end 
of the light sensing section 210, when the two adjacent transfer 
electrodes are the transfer electrodes 232 and 233, these electrodes 
232 and 233 enclose each photoelectric converter 222 of an odd column. 
On the other hand, when the two adjacent transfer electrodes are the 
transfer electrodes 233 and 232, these electrodes 233 and 232 enclose 
each photoelectric converter 222 of an even column. 

The transfer electrodes 232 and 233 enclose in plan view one 
photoelectric converter 222 at a location where they are apart from each 
other to determine one hexagonal or substantially hexagonal 
photoelectric converter region. The photoelectric converter regions are 
substantially equal in contour, size, and direction to each other. That 
is, the transfer electrodes 232 and 233 are configured generally in a 
honeycomb layout (Fig. 16). 

Each photoelectric converter region in an odd photoelectric 
converter column 220 relative to the left end of the configuration shown 
in Fig. 15 is determined in plan view by one connecting section 232Ci, 
two adjacent transfer path forming regions 232^ and 232T 2 with the 
section 232Ci intervening therebetween, one connecting section 233Ci, 
and two adjacent transfer path forming regions 233^ and 233T 2 with 
the section 233Ci intervening therebetween. 

On the other hand, each photoelectric converter region in an 
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even photoelectric converter column 220 relative to the left end of Fig. 
15 is defined in plan view by one connecting section 232C 2 , two 
adjacent transfer path forming regions 232T 2 and 232Ti with the section 
232C 2 intervening therebetween, one connecting section 233C 2 , and two 
5 adjacent transfer path forming regions 233T 2 and 233Ti with the section 
233C 2 intervening therebetween. 

In Fig. 15, for simplicity of the drawing, the transfer electrodes 
232 and 233 are separated. However, these electrodes 232 and 233 
overlap with each other in the connecting sections 232Ci and 233Ci, 
10 the connecting sections 232C 2 and 233C 2 , the transfer path forming 
regions 232^ and 233Ti, and the transfer path forming regions 232T 2 
=Ti and 233T 2 as shown in Fig. 16. 

m When the vertical transfer CCD 230 is not arranged on the left 

O side of the left-most photoelectric converter column 220 (on the left side 

p 15 of Fig. 15) in the light sensing section 210, each photoelectric converter 
S 222 of the left-most column 220 need not be enclosed in plan view by 

two adjacent transfer electrodes 232 and 233. That is, the left-most 
transfer path forming regions 232Ti and 233T-I required to enclose in 
plan view each photoelectric converter 222 of the left-most photoelectric 
20 converter column 220 can be dispensed with. Additionally, the 

left-most connecting sections 232Ci and 233Ci can also be removed. 
This also applies when the vertical transfer CCD 230 is not arranged on 
the right side of the right-most photoelectric converter column 220 in the 
light sensing section 210 (Fig. 15). 
25 In the IT-CCD 200 configured as above, the contour of the charge 

transfer channels 231a and 231b is different from that of the charge 
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transfer channels 31a and 31b of the IT-CCD 100 of the first 
embodiment. 

Fig. 19A is a plan view schematically showing the charge transfer 
channel 231a shown in Fig. 16. 
5 Fig. 19B is a plan view schematically showing the charge transfer 

channel 231b shown in Fig. 16. 

As can be seen from Figs. 19A and 19B, each of the channels 
231a and 231b generally extends, while a plurality of its sections are 
changing their directions at boundaries therebetween, in a zigzag form 
10 in the column direction D v . In this regard, the contours of the channels 
231a and 231b are similar to that of the charge transfer channels 31a 
and 31b of the IT-CCD 100 of the first embodiment. In Figs. 19A and 
19B, the channels 231a and 231b respectively include constituent 
sections R1, R2, R6. 
15 The channels 231a and 231b differ from the channels 31a and 

31b of the IT-CCD 100 of the first embodiment in that the respective 
sections are substantially of the same width. 

In each charge transfer channel 231a, a readout gate region 240 
is arranged to be contiguous to a right side of each even section of the 
20 channel 231a relative to the upper end of the light sensing section 210. 
In each charge transfer channel 231b, a readout gate region 240 is 
disposed to be contiguous to a right side of each odd section of the 
channel 231a (excepting a first section) relative to the upper end of the 
light sensing section 210. Each readout gate region 240 is also 
25 contiguous to predetermined photoelectric converters 222. 

Although the sections of each of the charge transfer channels 
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231a and 231b are substantially equal in width to each other, a relative 
positional relationship between a photoelectric converter 222 and a 
readout gate region 240 contiguous thereto is fixed for all pixels. This 
leads to advantage as follows. 
5 Without greatly minimizing the size of the light receiving section 

251 (Fig. 16) of each pixel relative to the size of the photoelectric 
converter 222, the light receiving sections 251 can be easily formed to 
be substantially equal in contour, size, and direction to each other. 
Resultantly, the contour, the size, and the direction of the light receiving 
2 10 section 251 can be easily fixed between two adjacent pixel columns 
fjj while preventing the decrease in area of the light receiving section 251 

jjj of each pixel. 

S In consequence, although the IT-CCD 200 is constructed using 

Q the shifted-pixel layout, the event in which the light collecting efficiency 

q 15 and sensitivity of each pixel vary between two adjacent pixel rows can 
a be easily prevented. The pixel density can be easily increased while 

suppressing the decrease in area of each opening (light receiving 

section) 251 . 

In the IT-CCD 200, each pixel is configured with (a) one 
20 photoelectric converter 222, (b) two charge transfer stages in a vertical 
transfer CCD 230 disposed adjacent to and on the left side of the 
photoelectric converter 222 in Fig. 16, namely, two charge transfer 
stages including the transfer path forming sections 232Ti and 233Ti or 
two charge transfer stages including the transfer path forming sections 
25 232T 2 and 233T 2) and (c) one readout gate region 240 disposed 

between the charge transfer stage including the transfer path forming 
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sections 232T 2 or 233Ti and the photoelectric converter 222. 

Excepting the difference above, the configuration of the IT-CCD 
200 is similar to that of the IT-CCD 100 of the first embodiment as 
above. Although not shown in Figs. 15 and 16, to prevent unnecessary 
5 photoelectric conversion in each vertical transfer CCD 230, the IT-CCD 
200 includes, like the IT-CCD 100 of the first embodiment, a light 
shielding film 250 covering in plan view an area ranging from the light 
sensing section 210 to the output transfer path 270. 

Fig. 20A schematically shows a cross section of Fig. 16 along 
2 10 line A-A and Fig. 20B schematically shows a cross section of Fig. 16 
Ln along line B-B. Figs. 6A and 6B include all functionally equivalent 

y constituent elements shown in Figs. 20A and 20B. 

m As can be seen from comparison between Fig. 20A and Fig. 6A 

O and between Fig. 20B and Fig. 6B, the IT-CCD 200 and the IT-CCD 100 

O 15 are substantially of the same configuration. 

O In the IT-CCD 200, light incident via the opening (light receiving 

section) 251 to the photoelectric converter 222 is photoelectrical^ 
converted into signal charge by the converter 222. The signal charge 
is read from the n-type region 203 as a signal charge storage region of 

20 the photoelectric converter 222 and is fed via a readout gate region 240 
contiguous thereto to the vertical transfer CCD 230. In this operation, 
a predetermined field shift pulse is applied to the transfer electrode 232 
(readout gate electrode region 232G) or the transfer electrode 233 
(readout gate electrode region 233G). 

25 The signal charge fed to the vertical transfer CCD 230 is 

sequentially transferred through the charge transfer stages of the CCD 
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230 and is delivered via the adjusting section to the output transfer path 
270 (Fig. 15). 

Fig. 21 is a cross-sectional view schematically showing an 
example of the output transfer path (horizontal transfer CCD) 270. The 
5 path 270 is composed of a CCD of two-phase driving type with two-layer 
polycrystalline silicon electrodes. Fig. 7 shows all functionally 
equivalent constituent components of the path 270 shown in Fig. 21 . In 
Fig. 21, each constituent element is assigned with a reference numeral 
obtained by adding 200 to that of an associated constituent element 
10 shown in Fig. 7. Such functionally same constituent components as 
those shown in Fig. 7 will not be repeatedly described. 

In the output transfer path 270, two charge transfer stages are 
disposed for one vertical transfer CCD 230. In the output transfer path 
270, one vertical transfer CCD 230 is connected via an adjusting section 
15 260 to every second charge transfer stage of the path 270. 

The signal charge transferred from the vertical transfer CCD 230 
via the adjusting section 260 is received in the potential well region of 
the output transfer path 270 by the output transfer path 270. 

The signal charge sequentially transferred through the path 270 
20 is passed to the output portion 280 (Fig. 15) and is converted into a 
signal voltage. The signal voltage is amplified in the output portion 
280 to be outputted therefrom to a predetermined circuit. 

To drive the IT-CCD 200, a drive pulse supplier is employed to 
supply predetermined driving pulses to the transfer electrodes 232, 233, 
25 261, 262, and 263 and the output transfer path 270. 

Description will now be given of an example of a method of 
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driving the IT-CCD 200 by interlaced driving. In this example, one 
frame is divided into two fields, i.e., first and second fields for the 
interlaced driving. 

As shown in Fig. 22, a drive pulse supplier 305 to drive the 
5 IT-CCD 200 by interlaced driving includes, for example, a sync signal 
generator 301, a timing generator 302, a vertical driver circuit 303, and 
a horizontal driver circuit 304. 

The sync signal generator 301 generates various pulses 
necessary for signal processing such as a vertical sync pulse and a 

O 

%y 10 horizontal sync pulse. The timing generator 302 generates timing 

m 

Lfl signals for a four-phase vertical pulse signal necessary to drive the 

W vertical transfer CCD 230, a field pulse necessary to read signal charge 

— from each photoelectric converter 222, and a two-phase horizontal pulse 

^ signal necessary to drive the output transfer path 270. 

r: 15 The vertical driver circuit 303 generates a vertical pulse signal in 

|S response to the timing signal and feeds the vertical pulse signal via the 

pulse supply terminals 285a to 285d to a predetermined transfer 
electrode 232, 233, 261, 262, or 263. The horizontal driver circuit 304 
generates a horizontal pulse signal in response to the timing signal and 
20 delivers the horizontal pulse signal via the pulse supply terminals 288a 
and 288b to the output transfer path 270. 

Assume that the vertical pulse signals applied respectively to the 
terminals 285a, 285b, 285c, and 285d are represented as V a , V b , V c , 
and Va, respectively. The horizontal pulse signals applied respectively 
25 to the terminals 288a and 288b are designated as H a and H b , 

respectively. The signals H a and Hb are shifted tt in phase from each 
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other. 

At an appropriate time in a first vertical blanking period 
determined by a blanking pulse, a low-level vertical pulse V L is fed to 
the terminals 285a and 285b and a high-level vertical pulse V H is 
5 applied to the pulse supply terminals 285c and 285d. While these 

vertical pulses are being applied thereto, a higher-level field shift pulse 
V R is delivered to the terminals 285c and 285d. The field shift pulse V R 
may be applied simultaneously or separately to the terminals 285c and 
285d. 

g 10 Fig. 23A shows waveforms of the field shift pulse V R which are 

ni simultaneously applied to the terminals 285c and 285d. Fig. 23B 

2 shows waveforms of the field shift pulse V R which are applied to the 

eg terminals 285d and 285c in this sequence with an interval of time 

Q therebetween. 

Q 15 In response to the pulse V R applied to the terminals 285c and 

D 285d, signal charge respectively stored in the photoelectric converters 

22 of the first, second, fifth, and sixth pixel rows is read therefrom to 
the vertical transfer CCDs 230 respectively associated therewith (signal 
charge readout process). 
20 In this context, "a pixel row" indicates a group of pixels arranged 

in series in the row direction D H . The pixel rows are called a first pixel 
row, a second pixel row, ... , an n-th pixel row (n is a positive integer) 
beginning at the pixel row nearest to the output transfer path 270 (this 
also applies to the other embodiments). One pixel row includes one 
25 photoelectric converter row 221 (Fig. 15). The IT-CCD 200 includes 
eight pixel rows ranging from the first pixel row to the eighth pixel row. 
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After the field shift pulse V R is applied, the vertical pulse signals 
as V a , V b , V c , and V d respectively having predetermined waveforms are 
fed to the terminals 285a to 285d. The signal charge read out to the 
CCD 230 is sequentially transferred to the output transfer path 270. 
5 The signal charge read out of each photoelectric converter 222 of 

the first and second pixel rows is transferred to the output transfer path 
270 during a first horizontal blanking period following the vertical 
blanking period. The signal charge is sequentially outputted from the 
output portion 280 during a first effective signal period following the first 
JS 10 horizontal blanking period. In this operation, the image signal output 
m from the second pixel row and that from the first pixel row are 

yy alternately conducted in a unit of pixel (image signal output process). 

CO Signal charge read from each photoelectric converter 22 of the 

O fifth and sixth pixel rows is transferred to the output transfer path 270 

Q 15 during a second horizontal blanking period following the first effective 
S signal period. The signal charge is sequentially delivered from the 

output portion 280 during a second effective signal period following the 
second horizontal blanking period. In this situation, the image signal 
output from the sixth pixel row and that from the fifth pixel row are 
20 alternately carried out in the pixel unit (image signal output process). 
At an appropriate time in a second vertical blanking period 
determined by a blanking pulse after termination of the second effective 
signal period, a high-level vertical pulse V H is applied to the terminals 
285a and 285b and a low-level vertical pulse V L is fed to the terminals 
25 285c and 285d. While these vertical pulses are being applied thereto, 
a field shift pulse V R is applied to the terminal 285a and 285b. In 
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response to the pulse Vr applied, signal charge stored in each 
photoelectric converter 222 of third, fourth, seventh, and eighth pixel 
rows is read out to the vertical transfer CCD 30 respectively 
corresponding thereto (signal charge readout process). 
5 The signal charge read out of each photoelectric converter 222 of 

the third and fourth pixel rows is transferred to the output transfer path 
270 during a third horizontal blanking period following the second 
vertical blanking period. The signal charge is sequentially outputted 
from the output portion 280 during a third effective signal period 
10 following the third horizontal blanking period. In this case, the image 
signal output from the fourth pixel row and that from the third pixel row 
are alternately accomplished in a unit of pixel (image signal output 
process). 

Signal charge read out of each photoelectric converter 222 of the 
15 seventh and eighth pixel rows is transferred to the output transfer path 
270 during a fourth horizontal blanking period following the third 
effective signal period. The signal charge is sequentially delivered 
from the output portion 280 during a fourth effective signal period 
following the fourth horizontal blanking period. In this situation, the 
20 image signal output from the eighth pixel row and that from the seventh 
pixel row are alternately achieved in the pixel unit (image signal output 
process). 

By repeatedly executing the operation above ranging from the 
first vertical blanking period to the fourth effective signal period, 
25 interlaced image signals, namely, image signals of each field are 
sequentially outputted from the output portion 280. 
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By disposing a color filter array in the IT-CCD 200, there is 
implemented an IT-CCD for color images. 

In a camera requiring a color image signal for each field, color 
signal processing is executed for each field image output signal 
outputted from the output portion 280 to obtain a color image signal of 
each field. 

In a camera requiring a color image signal for each frame, image 
output signals of two successive fields are once stored in a frame 
memory and the color signal processing is executed for the image 
signals of one frame to produce a frame of color image signals. In this 
operation, a mechanical shutter is favorably used to prevent the 
exposure time from varying between respective fields. After 
termination of the first vertical blanking period, the mechanical shutter 
is kept closed to prevent light from entering the pixels by the second 
vertical blanking period is started. As a result, for each of the first and 
second fields, a field image output signal at an identical time can be 
obtained. This also applies to a camera requiring a frame of 
monochrome image signals! In a camera requiring only one sheet of 
frame image, the mechanical shutter is kept closed after the first 
vertical blanking period is terminated. This prevents smear from 
appearing in the image of the second field. 

The IT-CCD 200 of the sixth embodiment described above is an 
IT-CCD of a simple configuration. In an actual IT-CCD, a microlens is 
ordinarily arranged to improve photoelectric conversion efficiency of the 
photoelectric converter 222. In an IT-CCD for color images, a color 
filter array is disposed. 
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The microlens array and the color fitter array can be disposed in 
a manner similar to that used to dispose the microlens array and the 
color filter array in the solid-state image pickup device 1 10 of the 
second embodiment described above by referring to Figs. 9A and 9B. 
5 Figs. 24A and 24B are cross-sectional views partly showing the 

IT-CCD 210 of the seventh embodiment. These diagrams partly show 
the light sensing section of the IT-CCD 210. The IT-CCD 210 is 
implemented by adding a color filter array and a microlens array to the 
IT-CCD 200 of the sixth embodiment. That is, the IT-CCD 210 is an 
Q 10 IT-CCD for color images. 

m In Fig. 24A or 24B, the same constituent components as those 

^ shown in Fig. 20A or 20B are assigned with the same reference 

•£ numerals and duplicated description thereof will be avoided. 

^ In the IT-CCD 210, a first planarizing film 290 is disposed to 

^ 15 cover a light shielding film 250 on the light sensing section and the light 
JZ receiving section 251 of each pixel. Formed on a surface of the first 

~ planarizing film 290 is a color filter array 291. On the color filter array 

291, a second planarizing film 292 is disposed. A microlens array 
including a predetermined number of microlenses 293 is disposed on a 
20 surface of the second planarizing film 292. 

In the color filter array 291, a red filter 291R, a green filter 291G, 
and a blue filter 291B are arranged in a hexagonal pattern. 

Fig. 25 partly shows in plan view an example of the color filter 
array 291. The array 291 alternately includes a color filter column 
25 including only green filters 291G and a color filter column alternate 
including a blue filter 291B and a red filter 291'R. 
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Each of the color filters 291 R, 291G, and 291 B is formed to cover 
in plan view the light receiving section 51 of each pixel. In Fig. 25, 
letters R, G, and B indicate red, green, and blue of the respectively 
color filters. 

5 The IT-CCD 210 having the color filter array 291 and the 

microlens array includes, like the IT-CCD 200 of the sixth embodiment, 
an output transfer path. In the output transfer path, the first 
planarizing film 290 is ordinarily formed on the light shielding film 250 of 
the output transfer path 270 shown in Fig. 21. The second planarizing 

10 film 292 is disposed on the first planarizing film 290. 

Fig. 26 is a cross-sectional view schematically showing part of 
the output transfer path 270a of the IT-CCD 210. In Fig. 26, the same 
constituent elements as those shown in Fig. 21, 24A, or 24B are 
assigned with the same reference numerals and duplicated description 

15 thereof will be avoided. 

The first planarizing film 290 shown in Fig. 26 is formed in the 
process to dispose the first planarizing film 290 on the light sensing 
section 210 (Fig. 24A or 24B). The second planarizing film 292 shown 
in Fig. 26 is arranged in the process to dispose the second planarizing 

20 film 292 over the color filter array 291 (Fig. 24A or 24B). 

In the IT-CCD 210 having the color filter array 291 shown in Fig. 
25, the green filter 91 G is arranged over each photoelectric converter 
222 of one of two adjacent pixel rows. In the other one of two adjacent 
pixel rows, the blue filter 291B or the red filter 291R is disposed on 

25 each photoelectric converter 222. In the other pixel row above, the 

blue and red filters 291B and 291R are alternately arranged in this order 
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or in an order reverse to this order. 

Full-color information is generated according to signal charge 

from each photoelectric converter 222 of the pixel rows provided with 

only the green filter 291G and signal charge from each photoelectric 
5 converter 222 of the pixel rows alternately provided with the blue filter 

291B and the red filter 291R. 

When the light collecting efficiency and sensitivity of each pixel 

vary between two adjacent pixel rows, the same disadvantageous event 

takes place between the pixel row provided only with the green filter 
10 291G and the pixel row alternately provided with the blue and red filters 

291B and 291 R. Resultantly, a ratio between a red signal output and a 

green signal output and a ratio between a flue signal output and a green 

signal output obtained according to signal charge stored in the 

photoelectric converters 222 of these pixel rows become different from 
15 each other. This means that color balance is lost in the output signal 

from the IT-CCD 210. This leads to color shading in a picture 

reproduced from the signal. 

However, the light sensing section of the IT-CCD 210 is 

substantially identical to the light sensing section 210 of the IT-CCD 
20 200 of the sixth embodiment. That is, for all pixels, the readout gate 

region 240 is contiguous to the lower-left edge of the photoelectric 

converter 222 in plan view. 

Therefore, without particularly reducing the size of the light 

receiving section 251 of each pixel relative to the size of the 
25 photoelectric converter 222, the light receiving section 251 can be 

easily formed to be equal in contour, size, and direction. Resultantly, 



80 



• # 



while preventing the minimization in area of the light receiving section 
251 of each pixel, the light receiving sections 251 can be easily formed 
to be equal in contour, size, and direction between two adjacent pixel 
rows. 

5 Consequently, although the shifted-pixel layout is employed in 

the IT-CCD 210, the event in which the light collecting efficiency and 
sensitivity of each pixel vary between two adjacent pixel rows can be 
easily prevented. Therefore, the color shading rarely occurs. 
Additionally, the pixel density can be easily improved while suppressing 
10 the decrease in area of the opening (light receiving section) 251 of each 
pixel. 

Next, an IT-CCD of an eighth embodiment will be described by 
referring to Fig. 27. Fig. 27 is a plan view schematically showing an 
IT-CCD 220 of the eighth embodiment. 

15 The IT-CCD 220 has the same configuration as the IT-CCD 200 

described above excepting (i) a contour of a light receiving section of 
each pixel, (ii) the number of pulse supply terminals to supply 
predetermined driving pulses to each of transfer electrodes 232, 233, 
261, 262, and 263, and (iii) specifications of connections between the 

20 pulse supply terminals and the transfer electrodes 232, 233, 261, 262, 
and 263. In the configuration shown in Fig. 27, the same constituent 
components as those shown in Fig. 15 are assigned with the same 
reference numerals and duplicated description thereof will be avoided. 

As shown in Fig. 27, the IT-CCD 220 has a light receiving section 

25 251a for each pixel and the section 251a has a shape of almost a 

parallelogram in which a longer diagonal is substantially parallel to the 
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column direction D v and a shorter diagonal is substantially parallel to 

the row direction Dh- 

The IT-CCD 220 further includes six pulse supply terminals 285a, 

285b, 285ci, 285c 2 , 285d 1( and 285d 2 to supply predetermined driving 
5 pulses to the transfer electrodes 232, 233, 261, 262, and 263. 

For this configuration, the pulse supply terminal 285c shown in 

Fig. 15 is divided into the pulse supply terminals 285ci and 285c 2 . The 

pulse supply terminal 285d shown in Fig. 15 is divided into the pulse 

supply terminals 285di and 285d 2 . 
10 Each of the pulse supply terminals 285a, 285b, 285ci, 285c 2 , 

285di, and 285d 2 is electrically connected to the predetermined transfer 

electrode 232, 233, 261, 262, or 263. 

Also in the IT-CCD 220, each readout gate region 240 is 

contiguous to the lower-left edge of the associated photoelectric 
15 converter 222 in a hexagonal shape. The light receiving sections 251a 

of the respective pixels are substantially equal in contour, size, and 

direction to each other. In the IT-CCD 220, because of almost the 

same reason as for the IT-CCD 200 of the sixth embodiment, without 

greatly minimizing the size of the light receiving sections 251a relative 
20 to that of the photoelectric converter 222, the light receiving section 

251a of each pixel can be easily formed to be equal in contour, size, 

and direction between two adjacent pixel rows. 

Resultantly, although the IT-CCD 220 employs the shifted-pixel 

layout, the event in which the light collecting efficiency and sensitivity of 
25 each pixel vary between two adjacent pixel rows can be easily 

prevented. Moreover, it is possible to easily increase the pixel density 
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while suppressing the decrease in the area of opening (the light 
receiving section) 251a of each pixel. 

By disposing a color filter array in the IT-CCD 220, an IT-CCD for 
color images can be implemented. The color filter array can be 
5 produced in a procedure similar, for example, to the procedure to 
dispose the color filter array in the IT-CCD 210 of the seventh 
embodiment. 

When the IT-CCD 220 is modified to produce color images, color 
shading seldom occurs for substantially the same reason as for the 
O 10 IT-CCD 210 of the seventh embodiment. 

w The IT-CCD 220 can be driven, like the IT-CCD 200, by 

=P interlaced driving. In this case, a vertical pulse signal V a is applied to 

4; the pulse supply terminals 285a and a vertical pulse signal V b is applied 

;L to the pulse supply terminal 285b. A vertical pulse signal V c is applied 

15 to the pulse supply terminals 285^ and 285C2 and a vertical puise 
jz signal V d is fed to the pulse supply terminals 285di, and 85d 2 . A 

^ horizontal pulse signal H a is applied to the pulse supply terminal 288a 

and a horizontal pulse signal Hb is delivered to the pulse supply terminal 

288b. 

20 Resultantly, as in the IT-CCD 200 of the sixth embodiment, one 

frame is subdivided into two fields, i.e., first and second fields. An 
image signal output of each field can be attained through operation 
similar to the operation of the IT-CCD 200 of the sixth embodiment. By 
conducting the operation above for the first and second fields, an image 

25 output signal can be obtained for one frame. 

The IT-CCD 220 can be driven while thinning out the number of 
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pixel rows of which signal charge to be read out to one quarter of all 
pixel rows. In the thinning-out driving, at an appropriate time during a 
first vertical blanking period determined by the blanking pulse, for 
example, a low-level vertical pulse Vl is applied to the pulse supply 
5 terminals 285a and 285b and a high-level vertical pulse V H is applied to 
the pulse supply terminals 285ci, 285c 2 , 285di, and 285d 2 . While 
these vertical pulses V L and V H are being fed to the terminals above, a 
field shift pulse V R is applied to the pulse supply terminals 285c 2 and 
285d 2 . In response to the field shift pulse V R) signal charge stored in 

10 each photoelectric converter 222 of the first and second pixel rows is 
read out to an associated vertical transfer CCD 230 (signal charge 
readout process). 

By processing the obtained signal charge in a manner similar to 
the signal charge processing by ordinary interlaced driving, there can be 

15 obtained field image signals or frame image signals thinned out to one 
quarter of the original image signals. 

Naturally, in a manner similar to that of the quarter thinning-out 
process above, two desired pixel rows can be thinned out to obtain one 
quarter of the original image signals. Pixel rows to be thinned out can 

20 be selected as desired when necessary. According to the selection of 
the pixel rows, specifications are determined for connections between 
the pulse supply terminals 285a, 285b, 285ci, 285c 2) 285di, and 285d 2 
and the transfer electrodes 232, 233, 261, 262, and 263. When the 
IT-CCD 220 is an IT-CCD. specified for color images, the pixel rows to 

25 be thinned out are selected in consideration of also an allocation 

pattern of each color filter of a color filter array disposed in the IT-CCD 
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220. 

The thinning-out above is carried out to obtain image signals of 
rows (pixel rows) thinned out to one quarter of the original pixel rows in 
any situation. Namely, it is not necessary to read out signal charge of 
all pixels. Since the IT-CCD 220 includes only eight pixel rows, the 
quarter thinning-out operation is completed by one horizontal reading 
operation. However, the actual number of pixel rows is, for example, 
600 or more. 

In an IT-CCD in which n stages of the light sensing sections 210 
shown in Fig. 27 are sequentially arranged in the column direction D V) 
to obtain frame image signals thinned out to one quarter of the original 
image signals, the thinning-out is conducted from the first stage to the 
n-th stage. In this operation, for the respective stages, signal charge 
is simultaneously read from each photoelectric converter 222 of a 
desired pixel row and is fed to the vertical transfer CCD 230. Signal 
charge read out of each stage is sequentially transferred by an 
associated vertical transfer CCD 230 to the output transfer path 270. 
The signal charge is then transferred through the path 270 to be 
sequentially outputted from the output portion 280. 

For example, for a digital still camera to conduct optimal setting 
of exposure conditions (a shutter speed and a lens opening), focus 
adjustment, and monitor picture display, it is necessary to obtain image 
output signals at a high frame frequency of about 30 frames per second. 

On the other hand, to produce a digital still camera having high 
resolution, it is desired that the IT-CCD of the digital camera have one 
million pixels or more. 
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However, when the number of pixels exceeds one million, quite a 
long period of time is required to obtain an image signal output for one 
frame, for example, one second for several frames. As a result, the 
optimal setting of exposure conditions, the focus adjustment, and the 
5 monitor picture display cannot be achieved. 

Consequently, to fabricate a digital still camera having high 
resolution, it is desired to use an IT-CCD in which operations other than 
the readout of a still picture recorded at depression of the shutter are 
achieved at a high frame frequency. 

O 

^ 10 The IT-CCD 220 can selectively conduct the ordinary interlaced 

ffj driving and the quarter thinning-out. The frame frequency in the 

Ly thinning-out driving is four times that in the ordinary interlaced driving, 

eg The IT-CCD 220 is therefore an IT-CCD of a suitable configuration to 

O attain image signals of a high frame frequency. 

O 15 Referring next to Fig. 28, description will be given of an IT-CCD 

O of a ninth embodiment. Fig. 28 is a plan view schematically showing 

an IT-CCD 230 of the ninth embodiment. 

The IT-CCD 230 is of the substantially same constitution as the 
IT-CCD 220 excepting (i) the number of pulse supply terminals to supply 
20 predetermined driving pulses to each of the transfer electrodes 232, 233, 
261, 262, and 263 and (ii) specifications of connections between the 
pulse supply terminals and the transfer electrodes 232, 233, 261, 262, 
and 263. In Fig. 28, the same constituent elements as those shown in 
Fig. 27 are assigned with the same reference numerals and duplicated 
25 description thereof will be avoided. 

As shown in Fig. 28, the IT-CCD 230 has eight pulse supply 
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terminals 286a to 286h to supply predetermined driving pulses to the 
transfer electrodes 232, 233, 261, 262, and 263. 

Each of the pulse supply terminals 286a to 286h is electrically 
connected to the predetermined transfer electrode 232, 233, 261, 262, 
5 or 263. 

In the IT-CCD 230 shown in Fig. 28, because of almost the same 
reason as for the IT-CCD 220 of the eighth embodiment, without 
conspicuously minimizing the size of the light receiving section 251a 
relative to the size of the photoelectric converter 222, the light receiving 

10 sections 251a can be easily manufactured to be substantially equal in 
contour, size, and direction between two adjacent pixel rows. 

Resultantly, although the IT-CCD 230 employs the shifted-pixel 
layout, it is possible to easily prevent the event in which the light 
collecting efficiency and sensitivity of each pixel vary between two 

15 adjacent pixel rows. In addition, the pixel density can be easily 

increased while suppressing the decrease in area of each opening (light 
receiving section) 251a of each pixel. 

When the IT-CCD 230 is modified to produce color images, color 
shading rarely occurs for substantially the same reason as for the 

20 IT-CCD 220 of the eighth embodiment. 

To drive the IT-CCD 230 by interlaced driving, predetermined 
vertical pulses are respectively applied to the pulse supply terminals 
286a to 286h. The horizontal pulse signals H a and H b are applied to 
the pulse supply terminals 288a and 288b, respectively. 

25 As a result, one frame can be subdivided into four fields, namely, 

a first field including the first and second pixel rows, a second field 
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including the third and fourth pixel rows, a third field including the fifth 
and sixth pixel rows, and a fourth field including the seventh and eighth 
pixel rows. 

For each field, an image signal output can be obtained through 
5 operation similar to the operation to produce an image signal output of 
one field when one frame is divided into two fields for the interlaced 
driving (reference is to be made to the IT-CCD 200 of the sixth 
embodiment). By accomplishing the operation for the first to fourth 
fields, an image output signal can be obtained for one frame. 
B 10 When the image signal output is produced only for an identical 

j=y field in any situation, the IT-CCD 230 can be driven by quarter 

^ thinning-out driving, namely, the number of pixel rows from which signal 

JE charge to be read out is reduced to one quarter of all pixel rows. In an 

q IT-CCD including n stages of the light sensing sections 210 shown in 

5 15 ^'9- ^8 disposed in the column direction D Vl to produce frame image 
q signals thinned out to one quarter of the original image signals, the 

~ thinning-out operation above is sequentially carried out from the first 

stage to the n-th stage. In the operation, for the respective stages, 
signal charge is simultaneously read from each photoelectric converter 
20 222 of a desired pixel row and is delivered to the associated vertical 

transfer CCD 230. Signal charge read out of each stage is sequentially 
transferred by each vertical transfer CCD 230 to the output transfer path 
270. The signal charge is passed through the path 270 to be 
sequentially outputted from the output portion 280. 
25 The IT-CCD 230 can drive each vertical transfer CCD 230 by 

eight-phase driving. In a CCD of eight-phase driving type, one 
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potential well is formed for six to seven successive charge transfer 
stages and charge signal stored in the potential well is transferred. On 
the other hand, in a CCD of four-phase driving type, one potential well 
is disposed for two to three successive charge transfer stages and 
5 charge signal stored in the potential well is transferred. 

Therefore, when the transfer electrodes 232 and 233 have an 
almost equal design pattern, the vertical transfer CCD of eight-phase 
driving type could transfer signal charge of about two to three times that 
of the vertical transfer CCD of four-phase driving type. 
O 10 Resultantly, in the IT-CCD 230, by decreasing the channel width 

HJ of the charge transfer channel of each vertical transfer CCD 230, the 

area of the photoelectric converter 222 and the area of the light 
J receiving section 251a can be as much increased in proportion to the 

2 decrease in the channel width. Consequently, the sensitivity, the 

2 15 saturation output level and the dynamic range can be increased. 
q By arranging a color filter array, the IT-CCD 230 can be modified 

" to an IT-CCD for color images. The color filter array can be disposed 

in almost the same production procedure as for the color filter array 
employed, for example, in the IT-CCD 210 of the seventh embodiment. 
20 In a camera requiring color image signals for each field, color 

signal processing is executed for image output signals of each field 
delivered from the output portion 280 to obtain color image signals for 
each field. 

In a camera requiring color image signals of a frame, image 
25 output signals of four successive fields are once accumulated in a frame 
memory and color signal processing is executed for image output 
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signals of one frame to obtain color image signals for one frame. To 
prevent exposure time from varying between respective fields, a 
mechanical shutter is favorably employed. After the vertical blanking 
period for the first field is terminated, the mechanical shutter is kept 
5 closed to prevent light from entering the pixels by the vertical blanking 
period for the fourth field is started. As a result, for each of the first to 
fourth fields, there is obtained a field image output signal at an identical 
time. This also applies to a camera requiring a frame of monochrome 
image signals. In a camera requiring only one sheet of frame image, 

10 the mechanical shutter is kept closed after the vertical blanking period 
for the first field is terminated. This prevents smear from appearing in 
the image of the second to fourth fields. 

Description will now be given of an IT-CCD of a tenth 
embodiment by referring next to Figs. 29 and 30. Fig. 29 is a 

15 magnified plan view showing a light sensing section 210 of an IT-CCD 
240 of the tenth embodiment. Fig. 30 is a plan view schematically 
showing a charge transfer channel 231c shown in Fig. 29. 

The IT-CCD 240 is configured almost in the same way as for the 
IT-CCD 200 of the sixth embodiment excepting that the light sensing 

20 section 210 of the IT-CCD 200 of the sixth embodiment is replaced with 
a light sensing section 210a. In Figs. 29 and 30, the same constituent 
elements as those shown in Fig. 16, 19A, or 19B are assigned with the 
same reference numerals and description thereof will be partly avoided. 
The IT-CCD 240 has a predetermined number of charge transfer 

25 channels 231c having a particular shape in the light sensing section 
210a. The channel 231c includes a first section contiguous to the 
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readout gate region 240 and another section wider than the first section 
(Fig. 30). Two adjacent charge transfer channels 231c are configured 
to be shifted from each other by one charge transfer stage in the column 
direction D v . 

5 Selection of the channel width in the charge transfer channel 

231c leads to advantages as follows. In the forming of the readout 
gate region 240 having a desired size (width) on the semiconductor 
substrate 201, it is not necessary to particularly increase, in the transfer 
path forming sections of the transfer electrode 232, the width of the 
~ 10 transfer path forming section including the readout gate electrode region 
jrk relative to the width of the other transfer path forming sections. This 

{Tj also applies to the transfer electrode 233. 

5} Resultantly, an event in which the region which cannot be used 

p as the light receiving section 251 of each pixel on the surface of the 

q 15 photoelectric converter 222 increases in association with the forming of 
B the readout gate region 240, and the readout gate electrode region can 

be easily prevented. Simultaneously, the light receiving sections 251 
can be easily produced to be substantially equal in contour, size, and 
direction between two adjacent pixel rows. 
20 Consequently, in the IT-CCD 240, the event in which the light 

collecting efficiency and sensitivity of each pixel vary between two 
adjacent pixel rows can be more easily prevented when compared with 
the IT-CCDs of the other embodiments. Additionally, it is easier in the 
IT-CCD 240 of this embodiment than in those of the other embodiments 
25 to increase the pixel density while suppressing the decrease in area of 
the light receiving section 251 (or 251a) of each pixel. 
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In the IT-CCD 240 having the light sensing section 210a shown in 
Fig. 29, for every second one of a plurality of sections of each charge 
transfer channel 231c (every second photoelectric converter row 221), 
the readout gate region 240 is manufactured to be contiguous thereto. 
5 That is, the narrow region or section with a narrowed width of the 

channel 231c is disposed for every second charge transfer stage. The 
charge transfer stage having a narrow width in the charge transfer 
channel 231c need only store signal charge for a short period of time 
and transfer the signal charge to a subsequent charge transfer stage. 

10 When the charge transfer channel 231c and the readout gate 

region 240 are disposed as above, charge transfer efficiency equivalent 
to that obtained in the prior art can be attained while keeping 
unchanged as in the prior art the channel width of the sections of the 
channel 231c which are not contiguous to the readout gate region 240. 

15 However, when the width of the section of the channel 231 

contiguous to the readout gate region 240 is too small, it is difficult to 
store signal charge in the pertinent charge transfer stage. This width 
is favorably about 50% to about 95% of that of the section of the 
channel 231 not contiguous to the readout gate region 240 and is 

20 particularly favorable about 60% to about 80% thereof. 

Description will now be given of an IT-CCD of an 1 1th 
embodiment by referring next to Fig. 31. Fig. 31 is a partial 
cross-sectional view schematically showing an example of an output 
transfer path 270b of an IT-CCD 250 of the 1 1th embodiment. The 

25 output transfer path 270b is composed of a CCD of two-phase driving 
type with three-layer polycrystalline electrodes. 
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The IT-CCD 250 is configured almost in the same way as for the 
IT-CCD 200 of the sixth embodiment excepting that the output transfer 
path 270 of the IT-CCD 200 is replaced with an output transfer path 
270b. In Fig. 31, the functionally same constituent elements as those 
5 of the output transfer path 270a shown in Fig. 26 are assigned with the 
same reference numerals and duplicated description thereof will be 
avoided. 

Like the output transfer path 270a of the IT-CCD 210 shown in 
Fig. 26, the output transfer path 270b includes a charge transfer 
S3 10 channel 271 produced as follows. At a predetermined locations of a 
2] P-type well 202 formed on one surface of a semiconductor substrate 201, 

a predetermined number of n + -type regions 271a having a high n-type 
J impurity concentration and n-type regions 271b having a low n-type 

JL impurity concentration are alternately disposed in the row direction D H . 

'p. 15 The n + -type region 271a is wider than the n-type region 271b. The 
^ charge transfer channel 271 extends in the row direction D H . 

~ The output transfer path 270b has three kinds of transfer 

electrodes 272, 273, and 277 made of a polycrystalline layer. Each 
transfer electrode 272 is disposed on the n + -type region 271a. The 
20 transfer electrodes 273 and 277 are alternately arranged on the n-type 
regions 271b associated therewith. 

The transfer electrodes 272, 273, and 277 are disposed to 
intersect the charge transfer channel 271. The transfer electrode 273 
has an end section on the side of the electrode 272, the section 
25 covering the transfer electrode 272. On the side of the transfer 
electrode 273, the transfer electrode 277 has an end covering the 
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transfer electrode 273. In short, the electrodes 272, 273, and 277 are 
arranged in a so-called overlapping transfer electrode configuration. 

One n + -type region 271a and one transfer electrode 272 disposed 
on the region 271a form one potential well region. Similarly, one 
5 n-type region 271b and one transfer electrode 273 or one transfer 
electrode 277 form one potential barrier region. 

One charge transfer stage is configured by applying a voltage of 
a predetermined level to the transfer electrode 273 or 277 forming one 
potential barrier region and to the transfer electrode 272 forming one 
J=r 10 potential well region immediately downstream (the side of the output 
H| portion 280) of the potential barrier. 

^ Disposed on each of the transfer electrodes 272, 273, and 277 is 

2J an insulating film. Fig. 31 shows only one insulating film 274a for 

g simplicity of the drawing. 

q 15 As for the output transfer path 270 shown in Fig. 15, two pulse 

□ supply terminals are arranged to supply a predetermined driving pulse 

to the output transfer path 270b. The transfer electrode 272 and the 
transfer electrode 273 or 277 immediately downstream of the electrode 
272 are electrically connected to an identical pulse supply terminal. 
20 Two adjacent transfer electrodes 272 with the transfer electrode 273 or 
277 intervening therebetween are electrically connected mutually 
different pulse supply terminals, respectively. 

When compared with the output transfer path being composed of 
the CCD of two-phase driving type with two-layer polycrystalline silicone 
25 electrodes, the output transfer path being composed of the CCD of 
two-phase driving type with three-layer polycrystalline silicone 
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electrodes has advantage of loose or wide design rules. For example, 
when the CCD of two-phase driving type with two-layer polycrystalline 
silicone electrodes is disposed in a so-called overlapping electrode 
layout shown in Fig. 21 or 26, it is required to keep the gap between the 
5 transfer electrodes 273 substantially equal to, or less than the gap 

between the transfer electrodes 272. In consideration of design rules, 
it is difficult to form the transfer electrodes 273 of this kind. 

In the CCD 270b of two-phase driving type with three-layer > 
polycrystalline silicone electrodes shown in Fig. 31, the transfer 

5. 10 electrodes 273 can be formed without such difficulty associated with the 

Jtj design rules. 

[Tj Therefore, when an output transfer path being composed of the 

m CCD of two-phase driving type with three-layer polycrystalline silicone 

q electrodes is adopted, it is easy to produce an IT-CCD by minimizing 

q 15 the pixel pitch between pixels (pitch P 2 between photoelectric 
O converters) in the direction of the photoelectric converter row (row 

direction Dh). This also applies to a case in which the electrodes are 
formed with a material other than polycrystalline silicon. 

Description has been given of IT-CCDs according to the 
20 embodiments. However, the present invention is not restricted by the 
embodiments. It is to be understood by those skilled in the art that the 
embodiments can be changed or modified in various manners. 

As above, each IT-CCD of the embodiments has photoelectric 
converters (photodiodes), vertical transfer CCDs, output transfer path, 
25 and the like disposed on one surface of an n-type semiconductor 
substrate having a p-type well. However, such an IT-CCD can be 
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produced by disposing photoelectric converters (photodiodes), vertical 
transfer CCDs, output transfer path, and the like on one surface of a 
p-type semiconductor substrate. 

It is also possible to use a sapphire substrate or the like such 
that a desired semiconductor layer is formed on the substrate. By 
disposing photoelectric converters (photodiodes), vertical transfer CCDs, 
output transfer path, and the like on one surface of the semiconductor 
layer, an IT-CCD can be produced. 

In this specification, a term "semiconductor substrate" includes 
an item including a substrate made of material other than semiconductor 
and a semiconductor layer formed on the substrate to dispose 
photoelectric converters (photodiodes), vertical transfer CCDs, output 
transfer path, and the like. 

The contour of the photoelectric converter can be appropriately 
selected and is, for example, a rectangle (including a parallelogram), a 
polygon having five or more segments in which each internal angle is 
obtuse, a polygon having five or more segments in which internal angles 
include an obtuse angle and an acute angle, or one of contours 
obtained by rounding the corners of the contours above. 

The vertical transfer CCD has at least two charge transfer stages 
for each photoelectric converter. Two, three, or four charge transfer 
stages are disposed for each photoelectric converter. 

The number of transfer electrodes constituting the vertical 
transfer CCD and the number of sections thereof in the charge transfer 
channel can be appropriately selected according to the number of 
charge transfer stages to be disposed for each photoelectric converter. 



96 



The contour of each section above in plan view may be a linear contour, 
a curved contour, or a combination of a line contour and a curved 
contour. 

Each transfer electrode of the vertical transfer CCD may be in a 
5 contour as shown in each IT-CCD of the embodiments in which two 
transfer path forming sections each inclined with respect to the row 
direction Dh are linked with each other by a connecting section 
extending in the row direction D H (this contour will be referred to as 
"contour A" herebelow). Each transfer electrode may be in a shape in 

10 which two transfer path forming sections each inclined with respect to 
the row direction Dh are directly linked with each other without using the 
connecting section above (this contour will be referred to as "contour B" 
herebelow). When the contour A is adopted, each transfer electrode is 
favorably formed to have a contour so that the connecting section and 

15 the transfer path forming section is linked with each other with an 

obtuse angle therebetween, or smoothly linked without forming an angle 
therebetween. 

In the vertical transfer CCD, two adjacent transfer electrodes 
may be made of mutually different materials. The material of each 
20 electrode includes, in addition to polycrystalline silicon, a metal such as 
aluminum, wolfram, or molybdenum as well as an alloy including at least 
tow kinds of these metals. 

The connecting sections of two adjacent transfer electrodes may 
completely overlap each other in an area in which these electrodes are 
25 contiguous to each other as shown in Fig. 6A. Alternatively, only an 
edge section in the width direction of the connecting section of one of 
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the adjacent transfer electrodes may overlap with the connecting 
section of the other one of the adjacent transfer electrodes. The 
connecting sections may be contiguous to each other, i.e., there exists 
no overlapped area therebetween. 
5 The contour in plan view of the each photoelectric converter 

region defined by two adjacent transfer electrodes for every second 
photoelectric converter column (an inner side contour of an area in plan 
view, the area being determined by two adjacent transfer electrodes by 
enclosing one photoelectric converter in plan view) can be appropriately 

10 selected. The contour may be a rectangle (including a parallelogram), 
a polygon having five or more segments in which each internal angle is 
obtuse, a polygon having five or more segments in which internal angles 
include an obtuse angle and an acute angle, or one of contours 
obtained by rounding the corners of the contours above. 

15 Similarly, the contour of the light receiving section of each pixel 

can be appropriately selected and is, for example, a rectangle (including 
a parallelogram), a polygon having five or more segments in which each 
internal angle is obtuse, a polygon having five or more segments in 
which internal angles include an obtuse angle and an acute angle, or 

20 one of contours obtained by rounding the corners of the contours above. 
To prevent an event in which the light collecting efficiency and 
sensitivity of each pixel vary between two adjacent pixel rows, the 
contour of the light receiving section of each pixel is desirably axially 
symmetric with respect to the column direction D v and the row direction 

25 D H . 

The readout gate electrode region need not necessarily entirely 
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cover in plan view the readout gate region. The readout gate region 
may be extended in plan view over the readout gate region, for example, 
toward the photoelectric converter. 

The vertical transfer CCD driving method is not restricted by the 
5 driving methods described in the embodiments. The driving method 
may be appropriately changed according to a utilization purpose or the 
like of the pertinent IT-CCD. The number of pulse supply terminals to 
supply predetermined driving pulses to the respective transfer 
electrodes and specifications of connections between the pulse supply 

10 terminals and the transfer electrodes can also be appropriately changed 
according to the vertical transfer CCD driving method of the pertinent 
IT-CCD. This also applies to the output transfer path. 

When a CCD of two-phase driving type is employed as the output 
transfer path, two adjacent transfer electrodes in the CCD may be 

15 formed using mutually different materials, respectively. The materials 
of each transfer electrode may be polycrystalline silicon, metals such as 
aluminum, wolfram, and molybdenum as well as alloys including at least 
two kinds of these metals. 

The adjusting section is not an essential constituent element and 

20 hence may be dispensed with. The vertical transfer CCD may be 
directly connected via the light sensing section to the output transfer 
path. In place of the adjusting section, a CCD storage to store signal 
charge for one frame may be arranged. 

When one microlens is disposed over the light receiving section 

25 to cover in plan view the light receiving section of each pixel, the 

contour in plan view of each microlens may be a rectangle, a rounded 
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rectangle having rounded corners, a polygon having five or more 
segments in which each internal angle is obtuse, a rounded polygon 
obtained by rounding corners of the polygon above, a circle, an ellipse, 
or the like. The contour in plan view of the microlens may be 
5 appropriately selected according to the shape of the light receiving 

section of each pixel. It is also possible to arrange microlens structure 
by accumulating a plurality of light collecting lenses including at least 
one inner lens on the light receiving section of each pixel. 

The microlenses may have a pitch in the column direction D v 

O 

,n 10 substantially equal to or slightly different from the pitch Pi of the 

fn photoelectric converters in the column direction Dv. When the 

y microlens pitch in the column direction Dv is slightly different from the 

00 pitch Pi of the photoelectric converters; in the column direction D v , each 

O microlens is moved, for example, as follows. 

O 15 In consideration of a displacement of an incident direction of light 

Q according to a displacement of position in the light receiving section, 

the microlens is moved to produce a focused image on a desired 
position of the light receiving section of the pixel, for example, the 
microlens is moved to a position advantageous to obtain desired 
20 sensitivity or resolution. To increase sensitivity or resolution of each 
pixel, it is favorable that the photoelectric conversion region exists in a 
wide range of the periphery of the position at which the microlens 
produces a focused image. 

Because of a similar reason, the pitch of the microlenses in the 
25 row direction D H may be substantially equal to or slightly different from 
the pitch P 2 of the photoelectric converters in the row direction D H . 
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When the relative positional relationship between the 
photoelectric converter and the associated microlens is substantially 
fixed for all pixels, the position at which the microlens produces a 
focused image on the photoelectric converter varies between a central 
5 section of the photoelectric converter column and an upper section or 
lower section thereof as shown in Fig. 34. To possibly minimize the 
distance between the position at which the microlens produces a 
focused image and the desired position, the microlens is favorably 
moved, for example, as described in (1) to (3) below. 
9 10 (1) As schematically shown in Fig. 32A, in each photoelectric 
f- converter column 20, the position of the microlens 93 is shifted in the 

ill column direction D v toward the central photoelectric converter row as 

m the distance between the microlens 93 and the central row increased, 

o In Fig. 32A, the microlens shifting direction is indicated by an arrow 

O 15 mark. 

Q (2) As schematically shown in Fig. 32B, in each photoelectric 

converter row 20, the position of the microlens 93 is moved in the row 
direction Dh toward the central photoelectric converter column as the 
distance between the microlens 93 and the central column increased. 
20 In Fig. 32B, the microlens moving direction is indicated by an arrow 
mark. 

(3) As schematically shown in Fig. 32C, the position of the microlens 
93 is moved in the row and column directions D H and D v toward the 
central position of the light sensing section 10 as the distance between 
25 the microlens 93 and the central position increased. In Fig. 32C, the 
microlens moving direction is indicated by an arrow mark. 
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By moving the microlens as (1) to (3) above, luminance shading 
can also be improved. 

When a color filter array is arranged in an IT-CCD, the color filter 
array include color filters to produce color images. Such color filter 
5 arrays include the color filter array of three primary color (red, green, 
and blue) type described in the embodiments and a color filer array of 
complementary color type. 

Such a color filter array of complementary color type can be 
implemented using, for example, (i) color filters of green (G), cyan (Cy), 
^ 10 and yellow (Ye); (ii) color filters of cyan (Cy), yellow (Ye), and white or 
fl colorless (W); (iii) color filters of cyan (Cy), magenta (Mg), yellow (Ye), 

jfTf and green (G); or (iv) color filters of cyan (Cy), yellow (Ye), green (G), 

m and white or colorless (W). 

□ Fig. 33A is a plan view showing an example of a color filter array 

p 15 91a of complementary color type (i), Fig. 33B is a plan view showing an 
O example of a color filter array 91b of complementary color type (ii), Fig. 

33C is a plan view showing an example of a color filter array 91c of 
complementary color type (iii), Fig. 33D is a plan view showing another 
example of a color filter array 91c of complementary color type (iii), and 
20 Fig. 33E is a plan view showing an example of a color filter array 91d of 
complementary color type (iv). 

In Figs. 33A to 33E, each hexagon enclosing G, Cy, Ye, W, or Mg 
designates one color filter in which G, Cy, Ye, W, or Mg designates a 
filter color. 

25 The color filter allocation pattern of a color filter array of three 

primary color type is not limited to those shown in Fig. 10 or 25. 
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Similarly, the color filter allocation pattern of a color filter arrays of 
complementary color type is not limited to those shown in Figs. 33A to 
33E. 

In each IT-CCD of the embodiments, a photoelectric converter 
5 (photodiode) 22 or 222 is disposed on a p-type well 2 or 202 formed on 
an n-type semiconductor substrate 1 or 201. Therefore, vertical 
overflow drain structure can be added to the IT-CCD. In association 
therewith, an electronic shutter can be additionally disposed. To add 
vertical overflow drain structure to the IT-CCD, there is additionally 
^ 10 provided structure which can apply a reverse bias to the p-type well 2 or 
[n 202 and a region below the n-type semiconductor substrate 1 or 201 (a 

2 region lower then the p-type well 2 or 202). In place of the vertical 

C8 overflow drain structure, horizontal overflow drain structure may be 

Q added to the IT-CCD. By adding the vertical or horizontal overflow 

O 15 drain structure, blooming can be easily suppressed. 
O . To drive the ID-CCD, an appropriate driving method can be 

selected from various methods. Therefore, it is accordingly possible to 
select appropriate structure for an appropriate drive pulse supply circuit 
to supply predetermined driving pulses respectively to the vertical 
20 transfer CCD (transfer electrodes constituting the vertical transfer CCD) 
and the output transfer path (transfer electrodes constituting the output 
transfer path). 

As above, in the IT-CCD according to the present invention, the 
event in which the light collecting efficiency and sensitivity of each pixel 
25 vary between two adjacent pixel rows can be easily prevented, and the 
pixel density can be easily increased while suppressing the decrease in 
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area of the light receiving section of each pixel. 

Consequently, in accordance with the present invention, there 
can be easily provided an IT-CCD capable of producing images having 
high picture quality. 
5 While the present invention has been described with reference to 

the particular illustrative embodiments, it is not to be restricted by those 
embodiments but only by the appended claims. It is to be appreciated 
that those skilled in the art can change or modify the embodiments 
without departing from the scope and spirit of the present invention. 
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